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ABSTRACT 
 
  
 
Cover crops can provide many benefits to the environment and agriculture, including the 
opportunity to contribute nitrogen (N) to the following crop.  However, there are many variables 
that affect the amount of N that is used by the following crop. The objective of this project is to 
review cover crops in eastern Nebraska and conduct a field study to evaluate N content of cover 
crop mixes containing legumes, brassicas, and grasses and their effect on the yield of two 
subsequent corn crops.  A field experiment was conducted from 2010 through 2012 near Waco, 
NE where cover crop mixes were late-summer planted into no-till wheat stubble.  Five cover 
crop mixes (Mid-Summer Mix (MS), Soil Builder Blend (SB), Pea Mix (PM), Oat Mix (OM), 
and A/C Greenfix (AC)) containing legumes, grasses, and brassicas were planted on August 6, 
2010 and were frost killed in early October 2010.  Above ground biomass samples were taken 
after the killing frost and analyzed for biomass yield, carbon to nitrogen ratio (C:N), N content, 
and other nutrient content amounts.  The A/C Greenfix had the lowest C:N ratio (19:1) and the 
largest amount of N content (132.8 kg/ha).  The biomass yields from the cover crops averaged 
from 2.59-3.10 Mg/ha, but the cover crop mixes did not show any significant difference in 
biomass produced.  Corn was planted in 2011 and two N rates were applied (0 and 196 kg N/ha).  
In the 196 kg N/ha area, the AC and MS had the highest corn yield of 13.62 and 13.29 Mg/ha, 
respectively.  In the 0 kg N/ha area, AC and no-cover crop check areas had the highest yield of 
6.73 and 6.92, respectively.  The 2012 corn crop was planted and fertilizer was applied before 
planting.  The 2011 0 N strip received no additional N (0-0 N) and in the 2011 196 kg N strip, 
five N rates (0 (0-196 N), 56, 112, 168, and 224 kg N/acre) were applied in strips perpendicular 
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to the cover crop strips.  The yield data from 2012 showed some variability within N rates for 
specific cover crop mixes, but there were no clear trends.  The highest statistically significant 
yields were in the 0-196 N, 56 N, 168 N, and 224 N strips from the SB (4.15 Mg/ha), AC (5.60 
Mg/ha), PM (6.62), and None (7.46 Mg/ha) mixes, respectively.  The lack of yield difference 
from the cover crops may be attributed to drought conditions, loss to the atmosphere of the N 
produced or sequestered due to lack of incorporation of the cover crops, or immobilization of the 
N.  Perhaps no-till cover crops need to be grown more than once to reap the N contribution 
benefits, especially if there is a high C:N ratio cover crops.   
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INTRODUCTION 
 
The focus of this project was two-fold, first to provide a short literature review of the 
issues of importance to using cover crops (CC) in eastern Nebraska and then discuss these 
concepts with results from a CC experiment designed to evaluate the nitrogen contribution to a 
subsequent corn crop.  The literature review will focus on the aspects of managing CC that relate 
to the field study.  Cover crops, as defined by the United States Department of Agriculture 
(USDA) are “crops that are agronomically sound and grown for the purpose of erosion control or 
other objectives related to soil conservation or improvement.”  Cover crops have many 
economic, environmental and agronomic consequences that may be seen as positive or negative 
depending on the crop and situation.   It is important to determine what the agronomic objective 
is for the cover crops chosen when deciding on a cover crop system.  Some important factors to 
consider when making a decision on the use of cover crops are the cost of seed, loss of economic 
production while the cover crop is growing, lower soil temperatures in the spring, effect on yield, 
and depletion of soil water at planting time (Jost 1998).   
Cover crop mixes that consist of grasses, legumes, and brassicas are used to capture the 
variety of positive consequences that cover crops provide.   Cover crops when well selected for 
the situation potentially recycle nutrients, increase the soil organic matter, improve soil structure, 
increase water infiltration and suppress pests with benefits of reduced runoff and erosion, 
enhance soil fertility, and better manage weeds, insects, and pathogens (Table 1-p.41 ).  The use 
of appropriate cover crops may enhance the soil fertility by increasing organic matter content, 
release of organic nitrogen (N), recycle nutrients, and provide crop residue to regulate 
temperature and conserve moisture.  Pest management may benefit from cover crops by 
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preserving a balance between pests and predators, providing habitat for beneficial insects, 
enhancing biological diversity, and preventing weed growth through ground cover.   The 
literature review will examine in more detail the soil fertility and N contribution from these 
different cover crop mixes. 
This project focuses primarily on the nitrogen (N) production of CC mixes and whether 
this N affects two subsequent corn crops.  Five cover crop mixes were planted in late-summer 
and nutrients, including N, were analyzed after a killing frost.  Two subsequent corn crops were 
planted to utilize the potential benefits of the cover crop mixes. 
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LITERATURE REVIEW 
 This literature review will cover how CCs fit into the N cycle and how the different types 
of CCs affect the environment and agricultural systems.  This review will analyze the individual 
CC types and how they fit into crop rotations in eastern Nebraska.  The review will also cover 
spectral imaging using a RapidScan CS-45 and how it is used to monitor crop stress.   
 
NITROGEN DYNAMICS 
Nitrogen is one of the most important plant nutrients.  It is continually cycled among 
plants, soil organisms, soil organic matter, water and the atmosphere (Figure 1-p.50).   Nitrogen 
(N) enters the soil from many different sources and leaves the root zone through many paths.  
The balance between inputs and outputs and the various chemical changes of the N determine the 
amount of nitrogen available for plant growth.   Cover crops take up N from the soil in the form 
of nitrate or ammonium, and when the plant dies and begins to decompose that organic N can be 
mineralized and returned to the soil as ammonium.  If proper management is used, the cover crop 
can be used as a “Nitrogen Bank” to hold the N until it is needed by the following crop.   
Nitrogen fixation is an important part of the nitrogen cycle and cover crops can play a 
large role.  Legumes fix atmospheric nitrogen (N2) by transforming it into ammonia (NH3) that 
converts to ammonium (NH4).  All organisms use NH3 to manufacture amino acids, proteins and 
nucleic acids and other N-containing components necessary for life.   Nitrogen fixation is done 
by bacteria, known as Rhizobium, in nodules on the roots of legumes.  This is a symbiotic 
relationship, the plant supplies nutrients and energy for the bacteria and NH3 produced in these 
nodules is used by the host plant to produce proteins. These nutrients and energy are at the cost 
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of the plant and any stress that reduces the plant activity will reduce nitrogen fixation. Part of the 
fixed N returns to the soil when the plant dies and decomposes.  Legume cover crops and their N 
fixation ability can produce N in a cropping system when it is usually idle and unproductive.  
The amount of N in the cover crop does not always make it into the soil or the subsequent 
crop.  Nitrogen can be lost to the atmosphere through denitrification and volatilization.  Cover 
crops can sequester the N and help protect it from these losses.  Denitrification occurs when N is 
lost through the conversion of nitrate to gaseous forms of N.  This often occurs when the soil is 
saturated and the bacteria use nitrate as an oxygen source.  This is common in poorly drained 
soils.  Volatilization is the loss of N through the conversion of ammonium to ammonia gas, 
which is released to the atmosphere.  The volatilization increases at higher soil pH and when 
evaporative conditions are high. This is higher for manures and urea fertilizers that are applied 
on the surface and not incorporated (Figure 1-p.50)(Cornell University Cooperative Extension 
Agronomy Fact Sheet #2).   
Nitrate leaching is a problem in farming that may be reduced by cover crops.  Nitrogen in 
the nitrate form is water soluble and is vulnerable to leaching.  Nitrate leaching is affected by air 
temperature, rainfall, irrigation, crop use, and N application amounts.  Over fertilization will add 
more nitrate to the soil than is needed by the crop and any excess irrigation or rainfall increase 
runoff and deep percolation, which will carry the nitrates with it.   
 Non-legume CCs utilize N left over after the cash crop is harvested, this N uptake is 
referred to as ‘scavenged’ N.  The scavenged N from the soil when in the plant is protected from 
moving under leaching conditions.  The scavenged N is then available to the subsequent crop 
after the plant dies and decomposes.  The challenge in CC management is matching the 
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availability of the N  released from CCs with the needs of the subsequent crop.  Timing and 
method of killing the CC will affect when the N is mineralized and available.   
 The carbon to nitrogen ratio (C:N ) plays an important role in the availability of N to the 
crop and is determined by the maturity and species of the cover crop.  The C:N ratio influences 
the ability of microorganisms to break down  organic matter and release N to be used by the 
following crop.  A high C:N ratio can immobilize N, thus making it unavailable for crop use.  A 
low C:N ratio will speed up the decomposition of the soil organic matter.  Table 2(p.41) lists 
common C:N ratios of cover crops.   
 
Nitrogen Contribution 
Predicting the nitrogen contribution from cover crops is an area that still needs more 
research.  Legume species and varieties growing at the same location differ significantly in dry 
matter production, N accumulation, N2 fixation, N balance and residue quality (Mayer et al. 
2003).   Cover crops may produce N or scavenge N, which may or may not be available for the 
next crop.  This depends on the weather, when crop was killed, cover incorporation, and other 
soil properties. The amount of N produced by legume cover crops commonly range from 50 to 
130 kg of N/ha. However, this may be limited by weather that reduces total production and slows 
release of plant available N.   Kuo and Jellum (2002) showed that vetch grown in monoculture 
had an average N concentration of 58.3 kg N/ha and 1.83 Mg/ha of above ground biomass 
(AGB) over 4 years in Payullup, WA.  A vetch grown in biculture with rye had an average N 
content of 49.8 kg N/ha and AGB of 2.33 Mg/ha.   
The N fertilizer equivalency of nonlegumes may be low or negative. The N fertilizer 
equivalency is usually calculated as the amount of N that can be credited to the following crop 
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when compared to a known quantity of an N fertilizer.  For example, research may show that a 
corn crop following alfalfa yielded as much as a corn crop following corn that had 168 kg of 
N/ha applied.  Burket et al. 1997 found that cereal crops do not contribute N to subsequent crops 
and the legumes are needed in a mix or as a single crop to reduce the need of inorganic N to the 
subsequent corn crop.   This is because they are not fixing nitrogen from the atmosphere.     
Cover crop grasses can actually increase the need for nitrogen in the subsequent grass crop when 
they sequester much of the soil nitrates in the fall, and there is a large quantity of low C:N ratio 
residue on the soil in the spring.  When microbes use either fertilizer N or mineralized N from 
the soil organic matter to break down this residue, called immobilization, the subsequent grass 
crop can be temporarily N deficient.   
 
Nitrate Leaching 
 Nitrate leaching can deteriorate water quality and reduce the production of crops.  
Without using cover crops, continuous corn and corn-soybean rotations may allow nitrate 
leaching even when managed using best management practices (Klocke et al. 1999).  Varvel et 
al. (1995) conducted a study in North Platte, Nebraska and showed that over three years 68 kg/ha 
of Nitrate-N leached from continuous corn, 40 kg/ha from corn following soybean, and 70 kg/ha 
from soybean following corn.  Klocke et al. (1999) showed that above normal precipitation 
during the fall and winter influenced leaching the following year, as soil water extraction by the 
crops ended during September and did not significantly start again until late May and early June.   
In their study, it was also found that over a six year period, NO3 loss to leaching was 51 
kg/ha/year for continuous corn and was 91 kg/ha/year for corn-soybean rotation.   They 
concluded the difference between the leaching in the continuous corn and corn-soybean research 
12 | P a g e  
 
was unexpected and the algorithm for determining N fertilizer requirements may be 
underestimating the amount of N available from the previous soybean crop.   
By growing cover crops during the part of the year that crop fields are usually without 
living plants, cover crops can reduce the leaching of nitrates by sequestering N through their 
growth.  When the cover crops die and release the N, the subsequent crop can use the N.  A study 
by Elrashidi et al. (2004) measured nitrate leaching in Lancaster County, NE and found that the 
average predicted loss by leaching was 8.7, 7.0, and 3.7 kg/ha/year for fallow, cropland, and 
grassland, respectively.   This is much lower than the other studies in Nebraska, but the 
variability may be due to weather patterns, soil type, nitrate measuring practices and 
management practices.  Winter grasses have extensive root systems, thus are effective at 
scavenging inorganic N and brassicas can reduce nitrate leaching potential by >50% in Northern 
climates (Snapp et al. 2005).  These cover crops grow rapidly in the fall and early winter, extract 
the nitrate from soil and incorporate it into the plant biomass (Sattell et al. 1999).   The amount 
of nitrate scavenged depends on the cover crop growth, soil type, amount of nitrate in the soil, 
and weather (Sattell et al. 1999).  The nitrate is used by the cover crop until it is killed in the 
spring or winter kills, then is released as plant-available N as the dead cover crop mineralizes.   
 
COVER CROP OPTIONS IN NEBRASKA 
 There are many cover crop species available, but not all species are adapted to each 
region and operation.  In the Corn Belt, corn (Zea mays L.) and soybeans (Glycine max (L.) 
Merr.) are the predominant cash crops.  These crops have relatively long growing seasons and 
leave only a short growing season for cover crops after harvest, specifically in Nebraska and the 
Corn Belt (Figure 2-p.51).  Figure 2 shows the typical growing season for corn, soybean, and 
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wheat in Nebraska.  In eastern Nebraska, the average first and last freeze is around April 27
th
 and 
October 6
th
 respectively (lincolnweather.org), however, this may change with latitude.   
Planting time and length of growing season is important to get good cover crop 
production.  If wheat is grown in a rotation with corn or soybeans, planting cover crops after 
wheat harvest provides the longest season potential for cover crop growth in Nebraska.  Table 
3(p.42) shows the suggested seasons for planting dates and rates for cover crops.  According to 
Singer (2008) a survey was conducted of cover crop users in the Corn Belt and they found that 
the most common cover crops planted were grasses and legumes.  The most popular grasses were 
cereal rye (Secale cereal L.), winter wheat (Triticum aestivum L.), and oat (Avema sativa L.).  
The most popular legumes were red clover (Trifolium pretense L.) and hairy vetch (Vicia villosa 
Roth).  Powers and Koerner (1994) conducted a 4 year study in Lincoln, NE on planting date and 
biomass produced by cover crops.  They showed that planting dates in the spring produced more 
biomass than planting in late-summer or early fall.   Over a 4 year average, the spring planted 
and fall harvested CCs averaged around 3800 kg/ha and the summer planted and fall harvested 
CCs averaged around 1500 kg/ha of dry matter.   They planted cover crops in late spring, mid-
summer, and early fall, but the early fall crops did not produce enough biomass before frost 
killing to be included in the study, proving the importance of early planting for a successful crop.  
They showed that over a 4 year average for a mid-summer planting date (typical for planting 
CCs after wheat harvest) and post-frost harvesting date, rye, hairy vetch, soybean, and field pea 
produced 1150, 1940, 2000, and 920 kg/ha, respectively, of dry weight biomass.   
Cover crops are typically grown to cover the ground between cash crops.  Two different 
management approaches to cover crops are live mulches or dead mulches (Eckert et al. 1991).  
Live mulches remain alive or partly alive during the cash crops growing period, while the dead 
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mulches are terminated before the growing season.   Dead mulches are frost killed, chemically 
killed or mechanically killed by plowing, disking, crimping, or mowing.  The method of killing 
the cover crops depends on the type of management system of the farming operation.  
Chemically killing, crimping, or mowing is often used in no-till operations.  Disking or tilling the 
CC into the ground is also another option for tillage management systems.  Tillage increases soil 
and microbe contact with residues, breaks up the residue, and allows the soil temperature to 
warm up more quickly. 
Cover crops and no-till systems can be mutually beneficial.  Hoorman et al (2009) 
suggested that no-till systems typically take 7-9 years  to transition from conventional farming 
and using a cover crop with continuous long-term no-till shortens the time period to 2-4 years.  
In the transition period, no-till corn struggles because as surface residue builds, the added carbon 
immobilizes N and other nutrients as soil microbe population increases.  When the added cover 
crop residue is digested and dies it releases N, given the C:N ratio is low enough to release the N.  
However, the lack of tillage of the cover crop will slow down decomposition and N 
mineralization, as compared to tillage situations.  Wortman et al (2012) conducted a 3 year study 
using cover crop mixtures in corn-soybean-sunflower rotation and found that termination with an 
undercutter increased corn and soybean yield by as much as 1.4 and 0.88 Mg/ha, respectively.   
Even though in no-till situations the decomposition process is slower, it may improve long-term 
soil organic matter over time.   
 
Grasses 
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Grasses are used as a cover crop because they are quickly established and hold the soil in 
place.  This reduces the soil’s exposure to erosion from wind and rain.  Grasses also improve soil 
structure and add significant amounts of organic material to the soil.  
Cereal rye is a common grass that is planted because it can be seeded later in the year and 
grows best in cool, temperate zones.  Cereal rye, along with other grasses, scavenges N quickly 
because of its fibrous root system.  Cereal rye can sequester and hold as much as 112 kg N/acre 
until spring, but 28 to 56 kg N/ha is more typical (Sarrantonio 2007).   Kessavalou and Walters 
(1997) in a four year study near Mead, NE and showed that cereal rye dry matter yielded 246  to 
2890 kg/ha and recycled 45 kg N/ha to corn.  The study also showed that corn grain yield 
following soybean with a rye cover crop was reduced by 8.6% compared to rotation without rye.  
Oat (Avena sativa) is also a popular grass species because of its low-cost and reliable fall cover.  
Like rye, oats are quick growing and can take-up excess N as well as small amounts of 
phosphorous (P) and potassium (K).     
 Sorghum sudan (Sorghum bicolor subsp. Drummondii) and pearl millet (Pennisetum 
glaucum ) were also used in the cover crop mixtures in this study (Table 4-p.43).  Sorghum 
sudan is a good biomass producer and weed suppressor.  Sorghum sudan can grow from up to 12 
feet tall, produce up to 4500-5500 kg dry matter/ha, and their seedlings, shoots, leaves and roots 
secrete allelopathic compounds that suppress many weeds (Sarrantonio 2007).  Pearl millet is a 
warm season crop that is tolerant to drought that typically grows from 3 to 6 feet (Gulia et al. 
2007).    
 
Legumes 
16 | P a g e  
 
Legumes are used as a cover crop to fix atmospheric N for use by subsequent crops, in 
addition to their ability to reduce erosion and add organic matter (OM) to the soil.  Legumes are 
generally lower in carbon and higher in nitrogen than grasses, which reduces the carbon to 
nitrogen ratio (C:N). The typical C:N ratio for hairy vetch is 10:1 to 15:1 compared to cereal rye 
at mid-boot stage is 40:1(Pennsylvania State University, Agronomy Guide, 2011-2012). 
  Nitrogen that is fixed by legumes can be returned to the soil and used by other plants.  
The amount of N returned to the soil during or after a legume crop can be misleading (Glover 
and Lindemann, 2008).   It can vary among species due to soil conditions, amount of water 
available, and other seasonal factors during growth.  The available amount of N2 fixed also 
depends on the maturity of the plant at harvest time (or time of termination) which effects the N 
partitioning of the plant.  Peoples et al. (1995) showed that different species of legumes have the 
potential to produce a wide range of fixed N (Table 5-p.44).   The data in Table 5 shows the 
range for the proportion of plant N from N fixation and the amount of N fixed.  Maskina et al 
(1993) conducted a study in Lincoln, NE on residue cover using a legume cover crop and found 
that there was an interaction with the cover crop and N fertilizer application.  They found that the 
cover crop increased growth and N uptake with no fertilizer, but had little effect on corn yield 
when N fertilizer was applied.  They also showed that the N fertilization increased corn grain N 
concentration by 3.2 g/kg without the cover crop compared to only 2.4 g/kg increase with a cover 
crop.  
Forage pea (Pisum sativum L. subsp. sativum var. arvense (L.) Poir.) and cowpea (Vigna 
sinensis, V. unguiculata ) were two legumes used in the mixtures (Soil Builder, Pea Mix, Oat 
Mix, and Mid-summer Mix – Table 4) for this research project. Cowpeas thrive in warm 
weather, smother weeds, and produce 0 to 168 kg of N/ha (Sarrantonio 2007), which is similar to 
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the range presented by Peoples et al. (1995).  Forage peas grow rapidly in cool weather and are 
quick source of available N (Sarrantonio 2007).  Using these two types of legumes provide a 
valuable source of N, but also some “insurance” to the highly variable weather of eastern 
Nebraska because of the difference in their ideal growing conditions.  Depending on the year, 
one or the other may dominate.  
Vetches were used in all of the mixes (Table 4) in this research study and are considered 
adapted to Nebraska conditions.  Common vetch (Vicia sativa L.) is moderately resistant to cold 
and is high in dry matter and nitrogen accumulation (Sattell et al. 1998).   Hairy vetch provides 
heavy contributions of mineralized N and is noted for its heavy spring residue production 
(Sarrantonio 2007).  Gilley et al (1989) found that in Southeast Nebraska, hairy vetch was one of 
the legume species best suited for establishing a substantial surface cover in a relatively short 
time period.  The hairy vetch produced 100% surface cover in 42 days after planting on August 
26, while most other species failed to get to 100% cover.  Chickling vetch (Lathyrus sativus L.) 
was used in the A/C Greenfix mix for is dry matter production and high capacity for symbiotic N 
fixation (Biederbeck et al. 1996).  Biederbeck et al. (1996) estimated that over a 3 year average, 
chickling vetch fixed 49 kg N/ha/year in Saskatchewan, Canada.   
The benefits of legume cover crops in rotations cannot be explained solely in fixed N 
(Peoples and Craswell 1992).   Extra yields can come from improvements in soil structure, 
breaking cycles of cereal pests and diseases, enhancement of soil microbial activity, and more 
nitrate remaining in the soil following a legume than after a cereal possibly because less nitrate 
was taken up by the legume (Peoples and Craswell 1992).  Cow pea is a legume used in one of 
our cover crop mixes and People and Craswell (1992) used it in a legume-corn rotation.  They 
found that the cowpea produced an increase of 0.91 tons/ha in the following corn crop yield 
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when compared to a corn-corn rotation.  They showed that the real benefit of N from the cowpea 
was 7 kg N/ha, bu the lack of N loss from the removal of the corn (57 kg N/ha) made the 
apparent benefit 64 kg N/ha.   Table 5 shows the range of experimental estimates of the amount 
of N2 fixed by legumes.   
 
Brassicas 
 Brassicas are known for their effect on soil physical properties, biomass production, pest 
management, and nutrient scavenging ability, although more research is needed about pest 
management.  Some brassicas have a long taproot that can penetrate up to six feet (Sarrantonio 
2007) and alleviate soil compaction and increase water infiltration.  This long taproot also allows 
them to scavenge nutrients from 1 to 2 m (Laine et al. 1993)  in the soil profile.  Brassicas 
accumulate large quantities of N in the above ground biomass because of their ability grow fast.  
Depending on location, planting date and soil fertility they can produce up to 9000 kg 
biomass/acre (Sarrantonio 2007).   A two year study by Stivers-Young (1998) in New York 
showed brassicas planted in late August-Early September produced 3000-4000 kg/ha in above 
ground biomass (AGB), and took up 100-120 kg/ha soil N before winter killing.  They rapidly 
decompose and can be a source of N for the subsequent crop growth (Barber and Smith, 2004).  
Wortman et al (2012) found that brassica species proved to be fast growing, competitive and 
productive cover crops well suited for early spring growth in the western Corn Belt.  Their data 
showed that the shoot dry weight of brassica species (2757 kg/ha+ 126 kg/ha) was consistently 
greater than legumes (1127 kg/ha + 126 kg/ha) in one year of their study.    
Most brassica species release chemical compounds that may be toxic to soil borne 
pathogens and pests, such as nematodes, fungi and some weeds (Sarrantonio 2007).  They 
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synthesize large amounts of glucosinolates, which are converted to a variety of potential 
allelochemics that prevent germination and plant growth (Eberlein et al. (1998), Al-Katib et al. 
(1997)).  They are often mowed and incorporated to maximize their natural fumigant potential 
because the chemicals are produced only when individual plant cells are ruptured (Sarrantonio 
2007).   Columbia root knot nematode (Meloidogyne chitwoodi) was controlled 86% by 
incorporation of winter rape just before planting potato (Solanum tubersum) (Eberlein et al. 
1998).  Boydston and Hang (1994) showed that rapeseed incorporated in the spring in loamy 
sand soil reduced weed density 85 and 73%, and reduced weed biomass 96 and 50% in 1992 and 
1993, respectively, compared to potato crops after fallow.   
Oil seed radish (Raphinus sativus (L.) var. oleiferus Metzg (Stokes)), purple top turnip 
(Brassica campestris var. rapa), and  rape (Brassica napus L. var. napus) were used in the mixes 
in this research experiment. Oil seed radish can grow to about 0.6 m in height (Sundermeier 
2008) and can produce about 4,000 kg/ha of biomass below the ground (Sarrantonio, 2007).   
Turnips alleviate soil compaction and create macrochannels for infiltration with their taproot, but 
do not produce as much biomass as other brassicas (Sarrantonio 2007).   Rape has rapid fall 
growth and is able to withstand cold temperatures (-12
○
C).  It has captured as much as 130 lb of 
residual N/acre in Maryland and reached 6,700 kg of biomass/ha in Oregon (Sarrantonio 2007).   
 
USE OF MIXES 
Many of the different cover crop species have been applied in mixtures to try and capture 
the different positive consequences of each species.  The cover crops in this study were applied 
in mixtures consisting of grasses, legumes, and brassicas.  (Refer to Table 4 for complete list of 
cover crop species).  The cover crop mixes can be used to capture the array of benefits from the 
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different cover crop classes and species.   The species have diverse morphological, physiological 
and compositional make up.  They vary in vegetation type, root architecture, rate of growth, 
environmental response, and life cycles (Salon 2012).  Cover crop species also differ in their 
nutrient uptake, recycling, and nitrogen fixing abilities.  The combination of cover crops can 
sometimes complement each other to compensate for some of the disadvantages of specific cover 
crop species or growing conditions so that the overall performance of the cover crop is improved 
and the year to year variation is reduced (Salon 2012). Wortman et al. (2012) found that cover 
crop mixtures were more productive than the individual components grown as monoculture crops 
by comparing Land Equivalent Ratios (LER) of each species grown solely or in a mixture.  The 
LER indicates the relative amount of land required when growing sole crops to achieve the 
productivity observed in a mixture. They found that mixtures resulted in a more efficient use of 
the land than the individual species grown as sole crops.   
There are trade-offs when planting cover crop mixes.  For example, grasses have the 
potential to produce large amounts of low quality biomass and legumes produce moderate 
amounts of higher quality residues (Snapp et al. 2005).   Studies show that the management of 
carbon to nitrogen ratio with CC mixes is necessary for nitrogen availability to the following 
crops.  Salon (2012) showed that, in Maryland in a vetch plus cereal rye mix the N is not fully 
available to following crops due to microbial immobilization of the nitrogen as compared to 
vetch in monoculture.   The extra carbon created from the cereal rye ties up the N that is 
produced from the vetch.  However, adding grasses to a mixture with legumes delay N 
mineralization, which may allow the N to more available at the appropriate time for the 
subsequent crop.    
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A cover crop mix should consist of species selection based on planting season and 
location, operation and management strategies, and desired objectives of the cover crop.  For 
example, if there is a need for nitrogen uptake to prevent leaching, erosion control prevention, 
minimizing compaction, and a need for additional nitrogen, then a combination of cereal rye, 
hairy vetch and forage radish may be able to satisfy some or all of these objectives (Salon 2012).   
Williams and Weil (2004) found that soybeans had a higher yield following a brassica 
plus rye cover crop compared to a rye cover crop or no cover crop.  The rye provided a thick 
mulch, which resulted in higher surface soil moisture and the root channels from the brassica 
may have provided a low-resistance path for water movement into the subsoil.   
 
SOIL ORGANIC MATTER 
Organic matter is the vast array of carbon compounds in the soil that are originally 
created by plants, microbes, and other organisms (University of Minnesota-Extension 2002).  
The addition of organic matter (OM) by cover crops to the soil improves soil structure, increases 
infiltration and water holding capacity, increases cation exchange capacity (CEC), and a more 
efficient long-term storage of nutrients (Sarrantonio, 2007).  Soil texture influences the 
maximum potential OM content.  Fine-textured soils can hold much more organic matter than 
sandy soils. The fine textured clay particles form electrochemical bonds that hold organic 
compounds.  In the coarse textured sandy soils, decomposition occurs faster because they are 
well-aerated (University of Minnesota-Extension 2002).   The amount of OM in the soil is 
determined by the addition of OM by roots, surface residue, manure, or others, and the loss of 
OM is by decomposition.    
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Cover crops will increase the addition of OM to the soil by increasing the amount of 
biomass grown on the surface and in the roots.  Grass cover crops contribute more carbon than 
legumes and will typically have a higher C:N ratio.  A two year study by Villamil et al. (2006) in 
Illinois showed that crop sequences of corn and soybeans using rye and vetch winter cover crops 
increased the soil organic matter.  The cover crops were planted in late September (year 1) and 
late October (year 2)  and were chemically killed 0-2 weeks before planting (late April).  A corn-
rye-soybean-vetch/rye sequence produced an extra 14 kg/ha of SOM as compared to corn-
soybean sequence.  They showed that using vetch in addition to rye produced a higher quality 
residue and the N produced by the vetch was needed by soil microorganisms and fauna for 
breakdown and incorporation of residues into soil organic matter.  They also showed that 
growing cereal rye in biculture with vetch produce 500 kg/ha more dry matter as compared to rye 
grown in monoculture.  The rye biculture had a lower C:N ratio and the rye moderated the rapid 
mineralization of the vetch.  
The organic matter shown in Figure 1 can be divided into two main categories: stabilized 
OM, which is highly decomposed, and the active fraction, which is being actively used and 
transformed by living plants, animals, and microbes (University of Minnesota-Extension 2002).  
The active fraction is the most easily decomposed parts of soil OM.  This fraction tends to be 
rich in simple sugars and proteins (Sarrantonio, 2007).  The sugars and proteins are easily 
decomposed, so when these compounds are decomposed, many of the nutrients that they contain 
are released.  Proteins are rich in nitrogen, so the active fraction is responsible for the release of 
most N (Sarrantonio, 2007).  The quick decomposition of the active fraction leaves the stable 
fraction.  The stable fraction consists of celluloses and lignins, which are the structural materials 
of plants (Sarrantonio, 2007).   
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The stable fraction of the OM breaks down slowly and contributes to the soil water 
retention abilities and cation exchange capacity (CEC).   Soil and organic material combine to 
form aggregates that provide structure, and pore space for water and air.     The CEC is the 
ability of the soil to hold positive ions (cations), such as calcium (Ca
+2
), magnesium (Mg
+2
), 
potassium (K
+1
), sodium (H
+1
), and aluminum (Al
+3
).  These cations are held by the negatively 
charged clay and organic matter particles through electrostatic forces (Cornell University 
Cooperative Extension, Cation Exchange Capacity, Fact Sheet #22.)   Indirectly CEC influences 
when and how often nitrogen and potassium fertilizer can be applied.  Lower CEC soils will 
have a greater chance of leaching cations for several reasons, they tend to be coarser, with lower 
water holding capacity due to structure, and also because they have fewer sites to hold nutrients.   
 
RUNOFF, EROSION AND AGGREGATION 
 Singer (2008) surveyed 3500 producers in the corn belt and asked them what their 
perceived benefits were from cover crops.  Around 85 percent listed a reduction in the amount of 
soil erosion.    During the last 150 years, about ½ of the fertile topsoil of Iowa has been lost to 
erosion and continues at a rate of about 30 tons/ha/year (Pimentel et al.1995).  Eastern Nebraska 
has a history of severe soil erosion, due in part to steep slopes and highly erodible soils (Shelton 
et al. 1991).   In Nigeria, cassava fields on steep (~12%) slopes lost 221 tons/ha/year, compared 
with an annual soil loss of 3 tons/ha/year on flat (<1%) land (Pimentel et al. 1995).    
The reduction of water runoff and soil erosion by cover crops is based on the principle of 
improving soil structure, protecting the soil from raindrop impact, and reducing the speed and 
carrying capacity of water runoff by improving soil aggregation and enhancing water infiltration 
and increased water holding capacity (Eckert et al. 1991).  Improved water infiltration may be 
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due to improved wet aggregate stability, the channels created by roots, and enhanced earthworm 
activity.  Cover will reduce the velocity of surface water runoff and hold soil together, thus 
reducing the amount of top soil lost to water erosion.  A raindrop falling at a high speed can 
dislodge soil particles and cause them to move as far as 6 feet (Sarrantonio, 2007).  A loose soil 
particle is more likely to be carried away by water runoff and wind.  The cover crops will act as a 
cushion for the raindrops and reduce the destruction caused by a heavy rainfall event.  Covering 
30 percent of the surface will reduce soil loss from wind erosion by 70% (Lyon and Smith 2004).  
In Missouri, bare land lost soil at a rate 123 times that of land that was covered with sod.  In 
Oklahoma, areas without rye grass or wheat cover lost 2.5 to 4.8 times as much soil as land with 
cover (Pimentel et al. 1995).   
The texture and structure of the soil influence the susceptibility of erosion and runoff.  
Medium to fine texture soils, low OM content, and weak structural development have low 
infiltration rates and experience increased water runoff.  Greater infiltration and macroporosity is 
also created from cover crops which will reduce runoff.  In Georgia, infiltration rate, averaged 
across a slightly, moderately, and severely eroded site, measured after 4 or 5 years of no-till 
grain sorghum planted into a crimson clover cover crop was 100% greater than planting either 
grain sorghum or soybean with conventional tillage (Reeves 1994).   
Soil aggregation is important to reduce erosion.  Cover crops promote good aggregation 
in the soils by increasing the production of polysaccharides.  Polysaccharides are complex sugars 
that act as glue to hold small soil particles together in clusters, known as aggregates (Sarrantonio, 
2007).  These complex sugars are created by soil microorganisms that digest plant material to 
produce these sugar compounds.   Polysaccharides will decompose quickly, so their aggregation 
affect may only last through the season after the cover crop is used (Sarrantonio, 2007).  A study 
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in Alabama (Reeves 1994) showed that after 5 years of stripped-tilled corn, a reseeding crimson 
clover cover crop increased the percentage of water stable aggregates over winter fallow from 
44% to 55% on an Appalachian Plateau soil (Typic Hapludult).   
 
 
WATER BALANCE 
Cover crops can affect the water balance by reducing soil water through transpiration 
from the plant and increasing soil water by reducing subsurface drainage by increasing water 
holding capacity and reducing evaporation by adding surface residue cover.  A study by Qi and 
Helmers (2010) in Central Iowa showed that over a 3 year average, utilizing rye as a winter 
cover crop led to an annual subsurface drainage volume reduction of 9%.  Cover crops can 
reduce evaporation as long as the residue is left on the surface of the soil and not incorporated.  
This residue shields the surface from solar radiation, and the air movement just above the soil 
surface is reduced (Van Donk et al. 2010).  The amount of residue depends on the amount of 
growth from the cover crops.   
Cover crops use soil water while growing and return it to the atmosphere through 
evapotranspiration (ET).   Once the cover crops are killed, they stop using water and can increase 
water availability by reducing evaporation from residue cover and increasing infiltration through 
paths created in the soil by the decaying roots.   The use of water by the cover crops may lower 
the soil-water reserves for the next crop.  However, this may be beneficial in areas where soil 
water is in excess.  Killing the cover crops before the subsequent cash crops are planted is 
important in water limiting situations.  For example, yield reductions due to early-season 
depletion of soil water can be reduced by killing the cover crop 2 to 3 weeks before planting cash 
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crop (Sarrantonio 2007).   This allows the soil profile to recharge, if irrigation is present or 
precipitation is not limiting.  Meisinger et al (1991) estimated that a winter cover crop producing 
2,200 kg of dry matter/ha will use about 3 hectare centimeters of water.  In order to replenish 
this, 3 hectare centimeters of precipitation or irrigation would be needed.    
It is difficult to make overall generalizations of the net water effect of cover crops 
because it depends on site-specific factors, such as cover crop dry matter production rate, degree 
of soil cover, soil infiltration rate, and rainfall intensity (Meisinger et al. 1991).  Wortman (2012) 
studied cover crop mixtures in Eastern Nebraska and showed that soil moisture (0 to 8 cm) 
content was greatest in the no-cover crop control (0.310 cm
3
 H20/cm
3
 soil) and lowest in the four 
cover crop mixtures (0.161 cm
3
 H20/cm
3
 soil) on day 141 in 2009. This was due to limited 
rainfall between day 110 and 145 and the cover crop used water from the soil, which was lost to 
the atmosphere through ET at a higher rate than was replenished by rainfall.   Average annual 
rainfall is typically sufficient to grow two crops in eastern Nebraska, however, dry years or 
seasons may cause significant crop production issues because there may not be enough available 
moisture for the following cash crop.   
 
RAPIDSCAN CS-45 
A RapidSCAN CS-45 handheld crop sensor from Holland Scientific, Lincoln, NE was 
used to measure canopy reflectance in corn.  The RapidScan is a good research tool because it 
can be used to measure relative crop N status midseason, which could help identify when corn 
takes up N.  When comparing various cover crops and their N release, the RapidScan gives 
quantitative data quickly and inexpensively.  The speed of data collection makes this a valuable 
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tool for large plots or frequent measurements.  The data can be taken sequentially during the 
season to monitor N release and uptake into a corn crop.   
Plant reflectance is governed by leaf surface properties and internals structure, as well as 
by the concentration and distribution of biochemical components (Penuelas & Filella 1998).  
Nitrogen concentration in green vegetation is related to the chlorophyll content of the plant and 
to photosynthesis (Haboudane et al. 2002).  The RapidSCAN is able to measure canopy 
reflectance from 0.3-3 m above the canopy.  The sensor simultaneously measures crop/soil 
reflectance at 670 nm, 730 nm, and 780 nm.   The RapidSCAN is able to produce Normalized 
Difference Vegetative Index (NDVI) and Normalized Difference Red Edge (NDRE) vegetative 
indexes among other data.   
The NDVI assesses green biomass and the NDRE measures chlorophyll at the red edge 
wavelength (730 nm) in corn.  The NDVI uses reflectance of a near infrared band (790nm, 10nm 
bandwidth) and a red band (670nm, 10nm bandwidth).  The NDVI equation:   
NDVI = (780nm band – 670 nm band)/(780 nm band + 670 nm band).   
The NDRE equation:   
NDRE =(780 nm band – 730 nm band)/(780 nm band + 730 nm band).   
The equations are from Eitel et al. 2010.    
The Canopy Chlorophyll Content Index (CCCI) can be used to more accurately measure 
the chlorophyll status of the crop because the NDVI is highly sensitive to leaf area (Eitel et al. 
2010).  The CCCI equation: 
CCCI =   NDRE/ NDVI.  
 More research is needed to determine the practical value of the  the CCCI.  
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FIELD PROJECT: 
 
 The literature described many potential CC benefits and findings from various 
geographic locations.  How any specific CC will function is site specific and may change on a 
year to year basis.  The literature discussed the wide array of potential benefits, however, of 
interest to farmers in Nebraska is how CC will work on their farms. The  field experiment 
reported below is one example of how CC were tried in Nebraska and focuses on N contribution 
from CCs  effect on corn yield.  
 
OBJECTIVE:   
The objective of the field portion of this project is to evaluate N content of cover crops 
containing legumes, brassicas, and grasses and their effect on yield on two subsequent corn 
crops.   
 
MATERIALS AND METHODS:  
Cover crops (2010) 
A field trial was initiated in 2010 to determine the effect of five cover crop mixes on 
subsequent corn yields.  The field was located near Waco, NE in York County in Hastings silt 
loam (fine, montmorillonitic, mesic Udic Argiustoll) soil (Figure 3-p.52).  The field was in no-till 
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for 10 years with corn, soybean, and wheat rotations.  The experiment was replicated four times. 
However, the Mid-summer Mix was only replicated twice, being on the north and the south edge 
of the experiment.  Each cover crop treatment was 26’ wide by 775’ long.  They were planted at 
the rates listed in Table 4.  Refer to Figure 4(p. 53) for plot layout plan.  The cover crops were 
drilled August 6, 2010 into 5.1 Mg/ha wheat stubble.  The wheat stubble had been no-tilled. The 
five cover crop mixes planted and intended benefits were:  (see Table 4 for the details of each 
cover crop mix) 
A/C Greenfix (AC) –high percentage of legumes and quick N fixation.  
Soil Builder (SB) –diverse mix of grass, brassicas and legumes that are known for quick 
establishment.   
Oat Mix (OM) –quick fall growth and ground cover. 
Pea Mix (PM) –ground cover and to alleviate compaction. 
Mid-Summer Mix (MS) –diverse mix of brassicas, legumes, and grasses. 
After planting, 14.5 inches of rainfall was received before the cover crops were killed by 
frost around October 1
st
. A/C Greenfix did not frost kill until late October.  On October 11, 2010 
above ground biomass (AGB) samples were taken by cutting the biomass in 0.9 m by 0.9 m 
squares in each plot.   The above ground biomass samples (AGB) samples were weighed in the 
field by Jim Schneider and sent to Ward Laboratories in Kearney, NE to be tested for carbon, 
nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, zinc, iron, and manganese which 
are reported as kg of dry matter uptake/ha .     
 
2011 Corn Crop 
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The 2011 corn crop was planted on May 3 using four Pioneer hybrids.  Pioneer 1498HR 
on replication 1, Pioneer 1324HR on replication 2, Pioneer 1173HR on replication 3, and Pioneer 
1151HR on replication 4 were planted at 70,900/ha population.  On June 7, 2011, 196 kg N/ha 
was applied to the field and one strip 18.2 m wide on the West end of the field received 0 kg 
N/ha (Figure 4  and Figure 6-p.55).   Leaf chlorophyll readings were made on July 1, 2011 with 
a SPAD 510 (Minolta Camera Co., Ltd., Osaka Japan) chlorophyll meter from the upper open 
collar leaf (leaf stage is unknown) at a rate of 15 samples from 6 rows in the 4 replications of 
cover crop mix AC, AB, PM, OM, and check (None) and samples from the 2 replications of 
cover crop mix MS.  On September 26, 2011 stalk nitrate samples were taken at physiological 
maturity.  Stalk samples were 20 cm length taken 15 cm above the ground. Ten samples in 2 
rows from each of the 4 replications of cover crop mixes SB, AC, PM, OM, and check (None) 
and 2 samples from the 2 replications of cover crop mix MS.  The corn was hand harvested in 2 
rows 0.9 m wide by 6 m long on October 10, 2011.  Soil samples were taken after harvest from 
the no-cover-crop check treatment and the average soil values were 5.8pH, 6.6 buffer pH, 2.7% 
OM, 347 ppm K, 17 ppm P, 1.5 ppm Zn, and 18.6 meq/100g CEC. 
 
2012 Corn Crop 
The 2012 corn crop was planted on April 23 with Pioneer1498HR at a population rate of 
69,200 seeds/ha.  Liquid fertilizer 28-0-0 was applied on April 18 in strips of 0, 56, 112, 168, 
224 kg N/ha.  The area that received 0 kg N/ha in 2011 received 0 kg N/ha in 2012 and is coded 
as 0-0 in the following discussions and tables.  The area that received 196 lb kg N/ha in 2011 
received 0 (coded as 0-196), 56, 112, 168, and 224 kg N/ha in perpendicular strips.   Figure 5 
and Figure 7(p.56) show the plot plan of N application rates on a map and on an aerial photo.  
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On May 30, 2012, soil samples were taken at a depth of 0-10 cm from the 0-0 kg N/ha strip (0 kg 
N/ha 2011 and 2012) using a hand soil sampling probe at a rate of 6 cores per plot.  The samples 
were analyzed for nitrate and ammonium.  On June 6, 2012 soil samples were taken from the 0-
196 kg N/ha strip (196 kg/ha in 2011 and 0 kg N/ha in 2012) at a depth of 0-10 cm using a hand 
probe taking 4 cores per plot.  The samples were taken to Ward Laboratories in Kearney, NE and 
analyzed for nitrate, ammonium, and organic matter.  Canopy reflectance was measured with the 
RapidSCAN CS-45 (Holland Scientific, Lincoln, NE) on June 6 from each plot.  RapidSCAN 
measurements were taken again on June 22, 2012 from each plot at the V8-V9 corn stage.  The 
corn stage was determined using the split stock method (Abendroth et al. 2011) .  The 2012 corn 
crop was harvested on September 5.  The corn was hand-harvested at 2 rows 0.9 m wide and 6 m 
long from each plot.  The corn was shelled in the field, moisture and test weight were measured 
with a Dickey-John moisture meter and yields adjusted to 15.5% moisture.   
 
STATISTICS  
 
This study was not designed for a long term research experiment, but rather a replicated 
on-farm demonstration with replication in order to have more confidence in the data. The basic 
design of the four mixes of cover crops was a standard Randomized Complete Block with four 
replications. Due to a late additional treatment space, MS mixture was included in two 
replications, on the north and south ends. Two subsamples were taken from these reps and used 
for replication 2 and 3 in the ANOVA.  PROC GLM was used to conduct the statistical analysis 
for each variable. 
In 2011, the corn crop was planted with a different variety in each replication as 
previously described, therefore, the variety x CC is confounded and will not be discussed. The 
two N rates, 0 and 168 kg N/ha were placed in perpendicular strips to the previous cover crops, 
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therefore, there were two distinct experiments with the same CC randomization. One was with 
zero N and the other with 168 kg N/ha. They each had separate ANOVAs and are presented as 
such in Table 6 for chlorophyll meter readings, stalk N, and corn grain yield. 
The 2012 N rates were set up similarly to 2011, except there were six N strips: 0, 56, 112, 
168, 224 kg N/ha following 196 kg N in 2011, and a 0 N 2012 following 0 N in 2011. However, 
instead of conducting separate analysis for each N rate, the N rates were assumed to be randomly 
allocated and the experiment analyzed as a split plot with the first split being the cover crops and 
the subplot was the N strips. Since the N was applied in strips, and was not replicated there is no 
valid statistical test to compare the nitrogen rates averaged over all the CC treatments.  Since we 
know N effects yield, this is not a big problem.  The comparisons of interest are within the N 
rates, and this can be accomplished with the statistical analysis conducted.   
 
RESULTS 
Weather Summary (2010-2012) 
The weather played an important role in the results of this study.  Weather data from the 
Surprise, NE weather station (located approximately 10 miles from field of study) for the cover 
crop and corn growing seasons can be found in (Table 6-p.44).  The growing season for the 
cover crops had above normal temperatures and close to normal rainfall.  Nearly 16 cm of rain 
was received during the cover crop growth.  In 2011 the temperatures were near normal and 
precipitation was above normal, which aided good crop growth.  In 2012, weather played a 
significant role.  Rainfall from April 1, 2012 to August 31, 2012 totaled 28.2 cm compared to 
65.0 cm during the same time period in 2011.  The average daily max temperatures in degrees 
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Celcius (
○
C) in 2011 were lower than every corresponding month in 2012.  The rainfall and 
temperature data is evidence that 2012 was a much different growing year than 2011.  
 
Cover Crop Growth (2010) 
 The cover crops produced a varied amount of biomass in 2010 as show in Table 7.   The 
different mixes grew at different rates and at different times of the season.  The A/C Greenfix did 
not frost kill during the first part of October when the rest of the cover crops were killed by frost.  
It is also important to note that the soybean in the Mid-Summer Mix did not grow.    
 The first AGB samples were taken on October 11
th
 were taken approximately 10 days 
after the first frost.  The A/C Greenfix did not frost kill until after this sampling date.  The 
complete data with statistics can be found in Table 7(p.45).  The Oat Mix produced the largest 
average amount of dry matter biomass (3.1 Mg/ha) and the Pea Mix produced the least amount 
of biomass (2.59 Mg/ha), but they are not statistically different.   The cover crop mixes that 
produced the largest amounts of biomass also produced the largest amounts of carbon, which is 
to be expected.   
The largest amount of N was found in the AC sample (133 kg N/ha), which contained the 
largest percentage of legumes and SB had the lowest amount of N (79.9 kg/ha). The AC mix had 
the lowest C:N ratio (18:1) because of the amount of N produced from the legumes and the lack 
of grasses in the mix.   The lack of soybean growth in the MS mix reduced the legume 
percentage from 26% to 23% and limited the amount of N produced in the mix.  The SB mix had 
the largest C:N ratio (34:1), which is due to the large amounts of biomass produced from the 
grasses and brassicas.  The dry matter produced are similar to the results found in the literature 
(Wortman (2012); Powers and Koerner (1994)).  Climate and weather play an important role in 
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the growth of cover crops, especially in rainfed fields, so dry matter weights can vary greatly 
from year to year.  If the cover crops would have been planted during the same period in 2011 
and 2012, the cover crops would have probably grown well in 2011 and most likely would not 
have germinated in 2012 based on environmental conditions. 
 
 
Corn (2011) 
The leaf chlorophyll samples on July 1, 2011 were statistically the same across cover 
crop mixes for the 196 kg N rate.  The 196 kg N rate overpowered any residual cover crop effect.  
The chlorophyll meter readings in the 196 kg N/ha strip were approximately 20% higher than the 
0 kg N/ha treatments (Table 8-p.45).  In the 0 kg N/ha strip there were differences between the 
cover crop treatments.  Based on Shapiro et al. ( 2006 ), readings less than 95% of a reference 
strip are considered deficient, with all of the 0 N strip readings 80% of the 196 N strip, these 
treatments were very deficient.    In the 0 N strip, the AC, MS, and None strip were 8-10% 
higher than the SB, PM, and OM, which may be due to immobilization of N due to their higher 
C:N ratios.  In the 196 N strip, the readings were very similar, probably due to the N fertilizer 
masking a cover crop effect.  
There wasn’t a statistical difference within the two N rates for the stalk nitrate levels 
(Table 8). The 168 kg N rate  had corn stalk numbers in the marginal (250-700ppm)  range with 
the 0 N rates severely deficient and were in the low concentration level range (0-250 ppm)  
(Stalk N ranges from Iowa State University 
http://www.extension.iastate.edu/Publications/PM1584.pdf).   
35 | P a g e  
 
Previous CC affected the 2011 corn crop at both N rates (Table 8).  In the 196 kg N/ha 
treatments, the AC and MS mix produced the highest yield at 13.62 and 13.29Mg/ha, 
respectively.  This is statistically better than the other cover crop mixes SB, PM, OM and no CC 
treatment, which averaged 12.62, 12.59, 12.08, and 12.79 Mg/ha, respectively.  It is 
understandable that the CC with the lowest C:N ratio had good yields and that the other higher C 
content CC trended to reduce yields.  The low range of the no CC corn may indicate some slight 
moisture or temperature benefit with the cover crops that was not available to the no CC strip.  In 
the 0 kg N/ha treatment, the no-cover-crop check produced the highest yield (6.92 Mg/ha), but 
was statistically equivalent to the low C:N AC treatment and only statistically better than the SB, 
PM, and OM.  The MS treatment was intermediate.  Within the 0 N strip, the high C:N ratio 
residues probably immobilized more N than saved moisture through their mulching effect.  
 The 2011 corn crop benefited from the low C:N ratio of the A/C Greenfix in the 196 kg N 
rate.  The N from the other cover crop strips with higher C:N ratios  may be available in another 
year, so corn was planted with variable N rates in 2012 to hopefully capture the mineralized N 
from the CCs.     
Corn (2012) 
 Statistical analysis is unavailable for the spring nitrate samples taken in May 2012.  No 
conclusions can be drawn, but within the 0-0 strip (0 kg N/ha 2011 and 2012) the CC trended to 
have more nitrates (Soil Builder Mix (24 ppm N), A/C Greenfix Mix (24ppm N) Oat Mix (23 
ppm N), Pea Mix (17 ppm N), Mid-Summer Mix (16 ppm N) than the no CC check (9ppm) 
(Table 9-p.46).   
 The soil samples taken on June 6, 2012 (Table 9) were taken from the one year check 
strip (196 kg N/ha 2011) and tested for organic matter (OM) LOI %, nitrate, and ammonium.  
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The average OM content for the plot was 3.3%.  The nitrate levels were highest in the Mid-
Summer Mix (19 ppm N) and lowest in the no cover crop check (7 ppm N).  The ammonium 
levels were highest in the Mid-Summer Mix (11.9 ppm N).   
 The RapidSCAN was used on June 6 and June 22, 2012 to measure the canopy 
reflectance. On June 6, 2012 (Table 10-p.47), the cover crop x N rate interaction was not 
statistically significant.  The 224 N rate, 112 N rate, and 0-0 N strip (two year check) had the 
highest NDVI and NDRE values.  The 196-0 N strip (one year check) had the lowest NDRE and 
NDVI values.  The reflectance values within each N rate did not show any cover crop trend.   On 
June 22, 2012 (Table 11-p.48), again the cover crop interaction was statistically insignificant.  
There were probably differences between N rates for both the NDVI and NDRE values, but there 
is no valid statistical test for the comparisons.  The strips that received the N trended to have 
higher values than the areas that did not receive any N.  This is slightly different from the June 
6
th
 RapidScan, where the 0-0 N strip had some of the higher values, and may be due to the crop 
using up the residual N.  Within the N rates, the cover crop effect was variable, however, the 
None strips tended to be slightly lower than the areas with the cover crops, showing that there 
might be some CC effect, given the higher soil N, this might be due to early soil N levels.   
 A chlorophyll leaf sensor was also used to compare the Mid-Summer Mix to the check 
strip on one replication (Table 12-p.49).  This data shows the Mid-Summer Mix had slightly 
higher readings than the no-cover-crop check strip except in the 112 kg N/acre fertilizer strip.  
The leaf chlorophyll data was not replicated and was taken to compare to the RapidScan.  The 
data from the RapidScan and chlorophyll meter were consistent on the lower N rates (0 West, 0 
East, and 56), however, the higher N rates (112, 168, 224) were variable in their comparison.  
The higher N rate readings were very close, thus random spatial difference may account for the 
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differences.  The RapidScan and chlorophyll meter were consistent in the reading of the lower N 
rates, probably due to the much lower readings in these strips. 
 The 2012 corn yield was much lower than the 2011 corn yield under comparable fertilizer 
rates, due to drought conditions.   There was not a consistent trend in the corn yield when 
comparing cover crop mixes in each N rate (Table 13-p.49).  The highest statistically significant 
yields were in the 0-196 N, 56 N, 168 N, and 224 N strips from the SB (4.15 Mg/ha), AC(5.60 
Mg/ha), PM (6.62), and None (7.46 Mg/ha) mixes, respectively.  The other N rate strips did not 
produce any significant differences between CCs.   The lack of corn yield difference from the 
cover crops may be attributed to drought conditions, loss to the atmosphere of the N produced or 
sequestered due to lack of incorporation of the cover crops, or immobilization of the N. 
Upon inspection of the yield data, it was found that on the east side of the fourth 
replication, the yields from the 168 N rate was much lower than the other replications, and this 
seemed to be due to placement in the field.  Another ANOVA without the fourth replication 
produced a similar yield pattern for the effect of previous cover crop, but increased the mean of 
the 168 N rate to make it more consistent with what was expected.  Refer to Figure 1 and Figure 
3 for a better comparison and layout of yield data.  
   
 
RESEARCH DISCUSSION AND SUMMARY 
  
This three year study documented the difficulty of capturing the benefit of cover crops in 
short term studies.  One year of cover crop growth showed nutrient and biomass differences 
amongst mixes in terms of total biomass production, C, N, and C:N ratio.  The early planting of 
cover crops after wheat harvest was essential to get good crop growth and biomass.  The cover 
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crops had a growing season of about two months and sufficient rainfall to grow and produced an 
average of 2.8 Mg/ha of above ground biomass.  Powers and Koerner (1994) grew 4 grass and 
legume cover crops from mid-summer to frost kill in Nebraska and averaged 0.9-2.0 Mg/ha of 
dry matter over 4 years.  There are differences when trying to compare dry matter amounts, but 
the biomass growth in this study would be considered adequate.   The no-till operations and 
winterkilling the cover crop left most of the residue standing on the surface.   Incorporating the 
cover crops will speed up the decomposition process and release N to be used by the following 
crop.  Leaving the residue on the surface will take more time to see the N benefits and most 
likely played a large role in the minor effects on crop parameter in 2011 and 2012.  Some effect 
of previous CC was picked up in slight differences in the 2011 chlorometer results, but not in the 
stalk nitrates.  The AC mix was as good as the no CC strip at the low rate, and actually better 
yielding at the 196 N rate.  The A/C Greenfix increased corn yield in 2011 because of its low 
C:N ratio and high N content.  It would be a good CC choice for rapid mineralization of N.  In 
the 2012 corn crop, soil N and some crop indicators (RapidScan and SPAD 510 chlorophyll 
meter) yields were only affected by the fertilizer N applied. The results are similar to Wortman et 
al (2012), where they used cover crop mixes in Eastern Nebraska and found differences in 
productivity, but the mixes did not influence soil moisture, soil N, or crop yield in the study. The 
severe drought and heat conditions experienced in 2012 hindered the breakdown of cover crop 
residue and limited the movement of nutrients to the corn plant.  The N may still be tied up in the 
residue, so the cover crop effect on corn yield may still be in the future.  In no-till, dryland 
situations in Nebraska, a number of years may be needed to see an increase in corn yield from 
cover crops.   
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TABLES 
 
Table 1.  Cover crop groups and their consequences. 
Cover Crop Consequence 
Grass Decrease soil erosion; biomass production; increase organic matter content 
Brassica Large biomass production; manage pests; scavenge nutrients; decrease soil compaction; increase 
water infiltration; mineralize nitrogen, increase organic matter content 
Legume Nitrogen fixation; low carbon to nitrogen ratio 
 
 
 
Table 2.  Common C:N ratios of cover crops. 
Organic Material C:N Ratio 
Young rye plants 14:1 
Rye at flowering 20:1 
Hairy Vetch 10:1 to 15:1 
Crimson Clover 15:1 
Corn stalks 60:1 
Table from Preston Sullivan – Overview of Cover Crops 
and Green Manures -  
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Table 3.  Cover crops and seeding suggestions adapted to eastern Nebraska when following corn or soybean 
harvest. 
Cover Crop Type
1
 Full 
Seeding 
Rate
2
 
(lbs/ac) 
Planting Date 
 Oats Avena sativa  CG  40-75 Early fall or early spring 
 Cereal Rye Secale cereal L.  CG  50-100  Fall 
 Winter Wheat Tritcum aestivum   CG   50-100  Fall 
 Winter Triticale x Triticosecale spp   CG   50-100  Fall 
 Winter Barley Hordeum vulgare subsp. vulgare  CG   50-100  Fall 
 Spring/Forage Peas Pisum sativum L. subsp. sativum 
var. arvense (L.) Poir 
 CL   50-100  Early fall or early spring 
 Lentils Lens culinaris Medic.  CL  20-40  Early spring 
 Chickling Vetch Lathyrus sativus L.  CL  50-90  Early spring 
 Hairy Vetch Vicia villosa Roth  CL  15-20  Fall 
 Winter Peas Lathyrus hirsutus  CL   50-100  Fall 
 Mustard  B  4-6  Early fall or early spring 
 Rape/Canola/Turnips Brassica napus L. var. 
napus/Brassica napus / Brassica campestris var. rapa 
 B  4-6  Early spring 
 Oilseed Radish Raphinus sativus (L.) var. oleiferus 
Metzg (Stokes) 
B  8-12  Early spring 
 Oats/Forage Pea Mix    30/30  Early spring 
 Cereal Rye/Hairy Vetch Mix    40/20  Fall 
 Cereal Rye/Winter Pea Mix    40/40  Fall 
1
B = brassica, C = cool season, G = grass, L = legume, W = warm season 
2
Use the higher rates when broadcasting seed. When used in a cocktail, divide the full seeding rate by the 
number of species in the cocktail. 
Table from Paul Jasa – University of Nebraska-Lincoln Extension Engineer 
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Table 4.  Comparison of the planting rate, species, and type in the five cover crop mixes planted 
(Waco, NE, 2010). 
 
------Seed------- 
 
-----------------------Scientific Name------------------------- 
 
--Seeds/A-- 
 
----% by Type----- 
Soil Builder Blend (SB) 
– 28 kg/ha1 
   
Sorghum Sudan Sorghum bicolor subsp. drummondii 52,000 Grass – 36% 
Pearl Millet Pennisetum glaucum 175,000 
 
Oil Seed Radish Raphinus sativus (L.) var. oleiferus Metzg (Stokes) 45,000 Brassica – 54% 
Dwarf Essex Rape Brassica napus L. var. napus 120,000 
 
Purple Top Turnip Brassica campestris var. rapa 170,000 
 
Common Vetch Vicia sativa L. 32,000 Legume – 10% 
Spring Forage Pea Pisum sativum L. subsp. sativum var. arvense (L.) Poir. 32,000 
 
A/C Greenfix (AC) 
 – 61 kg/ha 
   
Oil Seed Radish Raphinus sativus (L.) var. oleiferus Metzg (Stokes) 90,000 Brassica – 41% 
Chickling Vetch Lathyrus Sativus 130,000 Legume – 59% 
Pea Mix (PM)  
– 28 kg/ha 
   
Headless Sudangrass Sorghum bicolor subsp. drummondii 105,000 Grass – 22% 
Oil Seed Radish Raphinus sativus (L.) var. oleiferus Metzg (Stokes) 45,000 Brassica – 60% 
Dwarf Essex Rape Brassica napus L. var. napus 240,000 
 
Cowpeas Vigna sinensis, V. unguiculata 43,750 Legume – 18% 
Common Vetch Vicia sativa L. 32,000 
 
 
 
 
 
 
 
 
 
 
 
 
Oat Mix (OM) 
 – 50 kg/ha 
   
Oats Avena sativa 375,000 Grass – 45% 
Oil Seed Radish Raphinus sativus (L.) var. oleiferus Metzg (Stokes) 54,000 Brassica – 47% 
Purple Top Turnip Brassica campestris var. rapa 340,000 
 
Spring Forage Pea Pisum sativum L. subsp. sativum var. arvense (L.) Poir. 32,000 Legume – 8% 
Common Vetch Vicia sativa L. 32,000 
 
Mid – Summer Mix 
(MS) – 22 kg/ha 
   
Sorghum Sudan Sorghum bicolor subsp. drummondii 25,000 Grass – 12% 
Silage Sorghum Sorghum bicolor 20,000 
 
Oil Seed Radish Raphinus sativus (L.) var. oleiferus Metzg (Stokes) 18,750 Brassica – 63% 
Purple Top Turnip Brassica campestris var. rapa 172,000 
 
Forage Rape Brassica napus L. var. napus 87,500 
 
Hairy Vetch Vicia villosa Roth 60,000 Legume – 26% 
40/10 Forage Pea Pisum sativum L 28,500 
 
VNS Soybean2 Glycine max (L.) Merr 11,250  
1Cover crops planted on August 10, 2010 
2Soybeans did not grown in MS 
Note:  Data from Jim Schneider, with permission 
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Table 5.  The range of experimental estimates of the proportion of plant N 
from N fixation (%) and amount of N2 fixed by important pulses and 
legume oilseeds.   
Species Proportion 
fixed 
Amount of fixed N2  
 ----%---- ---kg N/ ha--- 
Cool - Season Legumes  
Chickpea (Cicer arietinum) 8-82 3-140 
Lentil (Lens culinaris) 39-87 10-190 
Pea (Pisum sativum) 23-73 17-240 
Faba bean (klciafaba) 64-92 52-330 
Lupin (Lupinus angustifolius) 29-97 31-286 
Warm-season legumes  
Soybean (Glycine max) 0-95 0-450 
Groundnut (Arachis hypogaea) 22-92 37-205 
Common bean (Phaseolus 
vulgaris) 
0-73 0-124 
Pigeon pea (Cajanus cajan) 10-81 7-234 
Green gram (Vigna radiata) 15-63 9-112 
Black gram (V. mungo) 37-98 21-140 
Cowpea (V. unguiculata) 32-89 9-200 
Note: Table from Peoples et al. (1995) 
 
 
 
Table 6.  The monthly rainfall totals (inches), average temperature (
○
C), and average daily max temperature (
○
C) from 
Surprise, NE for the cover crop and corn crop growing seasons in 2010, 2011, and 2012.   
 Avg. Daily Temp. Avg. Daily Max Temp Monthly Total Precip.                  
 2010  2011   2012 Norm.
1
    2010 2011 2012 Norm. 2010 2011 2012 Norm. 
 -----------------(
○
C)--------------- -----------------(
○
C)--------------- -----------------(cm)---------------- 
March  - 3.8 12.1 4.5 - 10.2 20.6 11.3 - 2.0 1.5 4.8 
April - 10.7 13.7 10.9 - 17.3 21.5 17.9 - 6.9 7.1 6.9 
May - 16.1 19.3 16.8 - 22.7 27.3 23.4 - 22.9 11.4 10.9 
June - 22.3 22.8 22.5 - 28.4 29.5 29.0 - 10.7 8.4 10.9 
July  - 26.8 27.1 25.3 - 32.1 34.7 31.7 - 10.2 0.0 8.6 
August 26.0 23.4 22.7 24.1 - 29.3 31.1 30.4 9.0 14.5 1.5 8.9 
September 19.3 16.6 - 18.9 - 24.7 - 25.9 5.5 1.0 - 7.6 
October 13.2 - - 11.8 - - - 18.8 1.3 - - 5.1 
1
Norm. is the normal temperature and rainfall data for Lincoln, NE 
Note: Data from High Plains Regional Climate Center (HPRCC), Lincoln, NE., with permission. 
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Table 7.  The effect of cover crop mix on above ground biomass, C:N ratio, and the  nutrient content in 
the removed biomass. (Waco, NE, 2010)  
 Yield
1
  C:N C  N  P  K  Ca  S  
 --Mg/ha- --Ratio-- --------------------------------kg/ha--------------------------------- 
Soil Builder 2.92 34.2b
3 
2393 79.9b 15.6 158.9 59.5 14.1 
A/C Greenfix 2.68 18.7a 2199 132.8a 16.3 209.9 74.6 16.7 
Pea Mix 2.84 27.0 b 2342 102.3 b 14.9 165.4 69.4 15.6 
Oat Mix 3.10 28.1 b 2554 103.6 b 16.6 203.5 69.7 17.6 
Mid-Summer
2 
2.59 27.0 b 2542 90.7 b 13.9 148.5 67.4 14.8 
ANOVA         
Prob>F 0.8261 0.0049 0.8339 0.2045 0.8887 0.2265 0.7968 0.7692 
LSD 2000 6.6 761 46.1 6.3 66.3 26.3 6.4 
CV (%) 23.0 16.9 20.6 29.4 26.5 24.3 25.1 26.6 
1
Above ground biomass samples taken on October 11 
2
Soybeans did not grow in the Mid-Summer mix  
3
Numbers with the same letter in a vertical column are statistically the same at the P 0.05 level 
Note: Data from Jim Schneider, with permission 
 
 
 
 
Table 8.  The effect of previous cover crop on leaf chlorophyll, stalk N, and corn grain yield. (Waco, 
NE, 2011) 
Cover Crop Mix 0 kg N/ha 
Chlorophyll
2 
168 kg N/ha 
Chlorophyll 
0 kg 
N/ha 
Stalk N
3 
196 kg 
N/ha 
Stalk N 
0 kg N/ha 
Grain 
Yield
4
 
196 kg N/ha 
Grain Yield 
  -------- meter reading -----  ---- ppm ---- ------------- Mg/ha ----------- 
SB
1 
41.1 55.1 51 227 5.34a
5 
12.62a 
AC 44.5 56.4 13 426 6.73b 13.62b 
PM 41.8 56.0 42 202 5.03a 12.59 a 
OM 41.2 55.9 36 164 5.29a 12.08 a 
MS 45.9 54.8 36 682 5.85ab 13.29b 
None 44.3 54.2 29 758 6.92b 12.79 a 
ANOVA       
Trt (Prob. F) 0.035 0.548 0.844 0.192 0.0073 0.0151 
LSD 0.05 2.9 3.0 67 601 1.15 0.79 
CV (%) 4.1 3.3 118 95 12.0 3.8 
1
SB – Soil Builder Mix; AC – A/C Greenfix; PM – Pea Mix; OM – Oat Mix; MS – Mid Summer Mix; 
None – no cover crop check.  
2
Chlorophyll readings taken on July 1, 2011 
3
Stalk nitrate samples taken on September 26, 2011 
4
Corn was harvested on October 10, 2011 
5
Numbers with the same letter in a vertical column are statistically the same at the P 0.05 level 
Note: Data from Jim Schneider, with permission. 
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Table 9.  The effect of previous cover crop on soil NO3, NH4, and organic matter.   Soil samples taken 
on May 30, 2012 and June 6, 2012 at a depth of 0-10 cm and averaged across replications.  (Waco, 
NE, 2012) 
Cover Crop May 30
th
 – 0-0 
N Strip
3
 
June 6
th
 – 196-
0 N Strip
4
 
May 30
th
 – 0-0 
N Strip 
June 6
th
 – 196-
0 N Strip 
June 6
th
 – 196-
0 N Strip 
 --------NO3 ppm------- --------NH4 ppm------- ---OM %--- 
SB
1,2
 24 12 1.9 6.8 3.3 
AC 24 11 1.7 6.1 3.3 
PM 17 10 2.7 6.7 3.2 
OM 23 10 2.8 6.5 3.3 
MS 16 19 4.0 11.9 3.5 
None 9 7 3.0 6.7 3.1 
1
SB – Soil Builder Mix; AC – A/C Greenfix; PM – Pea Mix; OM – Oat Mix; MS – Mid Summer Mix; 
None – no cover crop check 
2
Cover crops planted on August 6, 2010  
3
0-0 N strip received 0 kg of N in 2011 and 2012 
4
196-0 N Strip received 196 kg of N in 2011 and 0 kg of N in 2012 
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Table 10.  The effect of previous cover crop on canopy reflectance using a RapidScan CS-45 from 
Holland Scientific using the NDVI, NDRE, and CCCI indices.  Readings taken on June 6, 2012. 
(Waco, NE, 2012) 
Cover Crop - 
Wavelength 
0-0 N
3 
196-0 N
4 
56 kg N 112 kg N 
168 kg 
N 
224 kg N 
SB
1
 - NDVI 0.5961b5
 
0.4883a 0.5420b 0.5990a 0.5331b 0.6008 
AC - NDVI 0.6117a 0.5487a 0.5310b 0.5821b 0.5588a 0.5733 
PM - NDVI 0.5502b 0.4248b 0.4864b 0.5729b 0.4751b 0.5570 
OM - NDVI 0.5574b 0.4687b 0.5361b 0.5284b 0.5124b 0.5627 
MS - NDVI 0.6240a 0.5511a 0.5858a 0.5529b 0.6123a 0.5965 
NONE - NDVI 0.5928b 0.5130a 0.5279b 0.5715b 0.6094a 0.5495 
       
SB - NDRE 0.2873 0.2416a 0.2753b 0.3104a 0.2771b 0.3169 
AC - NDRE 0.2960 0.2702a 0.2762b 0.3015b 0.2954a 0.3056 
PM - NDRE 0.2682 0.2089b 0.2556b 0.3015b 0.2495b 0.2908 
OM - NDRE 0.2783 0.2328b 0.2757b 0.2743b 0.2706b 0.2907 
MS - NDRE 0.2976 0.2664a 0.2986a 0.2908b 0.3207a 0.3120 
NONE - NDRE 0.2862 0.2514a 0.2660b 0.3011b 0.3175a 0.2881 
       
SB – CCCI2 0.4820b 0.4948a 0.5079b 0.5182 0.5198 0.5275b 
AC - CCCI 0.4839b 0.4924b 0.5202a 0.5180 0.5286 0.5331a 
PM - CCCI 0.4875a 0.4918b 0.5255a 0.5263 0.5252 0.5221b 
OM - CCCI 0.4993a 0.4967a 0.5143ab 0.5191 0.5281 0.5166b 
MS - CCCI 0.4769b 0.4834b 0.5097b 0.5260 0.5238 0.5231b 
NONE CCCI 0.4828b 0.4901b 0.5039b 0.5269 0.5210 0.5243b 
       
 NDVI NDRE CCCI    
 CC (Prob>F) 0.0172 0.0098 0.4930   
      LSD (0.05) 0.0602 0.03 0.0098   
N rate x CC 0.9080 0.7601                 0.8137   
N rate       --------------not estimable---------------   
CV(%) 12.3 10.9 2.8   
1
SB – Soil Builder Mix; AC – A/C Greenfix; PM – Pea Mix; OM – Oat Mix; MS – Mid Summer 
Mix; None – no cover crop check 
2
CCCI is found by dividing the NDRE by the NDVI 
3
0#N West strip received 0 kg of N in 2011 and 2012 
4
0#N East Strip received 196 kg of N in 2011 and 0 kg of N in 2012 
5
Numbers with the same letter in a vertical column are statistically the same at the P 0.05 level 
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Table 11.  The effect of previous cover crop on canopy reflectance using a RapidScan CS-
45 from Holland Scientific using the NDVI, NDRE, and CCCI indices.  Readings taken on 
June 21, 2012. (Waco, NE, 2012) 
Cover Crop - 
Wavelength 
0-0 N
3
 196-0 N
4 
56 kg N 
112 kg 
N 
168 kg N 
224 kg 
N 
SB
1
 - NDVI 0.6386 0.6391 0.7396 0.7327 0.7160 0.7497 
AC - NDVI 0.6959 0.6872 0.7346 0.7676 0.7445 0.7823 
PM - NDVI 0.6855 0.5518 0.7020 0.7110 0.6925 0.7546 
OM - NDVI 0.6674 0.6897 0.6983 0.7371 0.7332 0.7474 
MS - NDVI 0.7432 0.7477 0.7761 0.7869 0.8043 0.7860 
NONE - NDVI 0.6544 0.6549 0.6978 0.7333 0.7357 0.7232 
       
SB - NDRE 0.2809b
5 
0.2995b 0.3663 0.3792 0.3760b 0.3952 
AC - NDRE 0.2996b 0.3212ab 0.3674 0.3862 0.3906b 0.4131 
PM - NDRE 0.2871b 0.2611b 0.3472 0.3649 0.3515b 0.3921 
OM - NDRE 0.2874b 0.3157ab 0.3508 0.3790 0.3869b 0.3978 
MS - NDRE 0.3229a 0.3643a 0.3847 0.3941 0.4290a 0.4106 
NONE - NDRE 0.2695b 0.2830b 0.3454 0.3798 0.3826b 0.3763 
       
SB – CCCI2 0.4399a 0.4686a 0.4953 0.5175 0.5254b 0.5271 
AC - CCCI 0.4305a 0.4674ab 0.5001 0.5031 0.5246b 0.5281 
PM - CCCI 0.4188b 0.4732a 0.4946 0.5132 0.5076b 0.5196 
OM - CCCI 0.4306a 0.4577ab 0.5024 0.5142 0.5277a 0.5322 
MS - CCCI 0.4345a 0.4872a 0.4957 0.5008 0.5334a 0.5224 
None - CCCI 0.4118b 0.4321b 0.4950 0.5179 0.5200b 0.5203 
       
 NDVI NDRE   CCCI    
CC (Prob>F) 0.4930 0.0628 0.0034    
LSD 0.0098 0.0416 0.0186    
N rate x CC 0.8137 0.8418 0.9087    
N rate -------------not estimable-------------    
CV(%) 2.78 8.71 7.73    
1
SB – Soil Builder Mix; AC – A/C Greenfix; PM – Pea Mix; OM – Oat Mix; MS – Mid 
Summer Mix; None – no cover crop check 
2
CCCI is found by dividing the NDRE by the NDVI 
3
0-0 N strip received 0 kg of N in 2011 and 2012 
4
196-0 N Strip received 196 kg of N in 2011 and 0 kg of N in 2012 
5
Numbers with the same letter in a vertical column are statistically the same at the P 0.05 
level  
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Table 12.  The effect of Mid-Summer mix cover crop and N rate on leaf 
chlorophyll levels using the SPAD 510 chlorophyll meter.   Readings taken on 
June 21, 2012. (Waco, NE, 2012) 
Replication – 
Cover Crop 
0-0 N
2
 
196-0 
N
3 56 kg N 
112 kg 
N 
168 kg 
N 
224 kg N 
1-None
1 
35.9 39.2 46.3 52.2 51.8 53.9 
1-MS 37.6 41.0 50.0 51.4 53.6 55.4 
1
MS – Mid Summer Mix; None – no cover crop check; data not replicated 
2
0-0 N strip received 0 kg of N in 2011 and 2012 
3
196-0 N strip received 196 kg of N in 2011 and 0 kg of N in 2012 
 
 
 
 
 
Table 13.  The effect of previous cover crop and N rate on second year corn 
yields. (Waco, NE, 2012)   
Cover Crop 
Mix 
0-0 
kg N
2
 
196-0 
kg N
3 56 kg N 
112 kg 
N 
168 kg 
N 
224 kg 
N 
 -------------------------- Yield  Mg/ha------------------------- 
SB
1
 3.07 4.15a
4 
5.02b 6.45 6.17a 7.25b 
AC 3.19 3.18b 5.60a 6.50 5.59b 6.91b 
PM 3.11 3.14b 5.38ab 6.72 6.62a 7.33b 
OM 3.25 3.26b 5.50a 6.62 5.39b 7.07b 
MS 3.01 3.33b 4.80b 6.50 6.00a 7.30b 
None 3.05 3.45b 5.13b 6.74 5.83ab 7.46a 
ANOVA 
  
Prob.>F 
       Cover crops 
 
0.7113 
   
    N rate 
 
Not 
estimable 
       Cover crops x N rate   0.9529 
   LSD for CC 0.48 
 
   1SB – Soil Builder Mix; AC – A/C Greenfix; PM – Pea Mix; OM – Oat Mix; 
MS – Mid Summer Mix; None – no cover crop check 
2
0-0 kg N received 0 kg of N in 2011 and 2012 
3
196-0 kg N received 196 kg of N in 2011 and 0 kg of N in 2012 
4
Numbers with the same letter in a vertical column are statistically the same at the P 0.05 level  
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FIGURES 
 
 
Figure 1.  The nitrogen cycle. Source: Pennsylvania State University, College of Agriculture. 
1989. Groundwater and Agriculture in Pennsylvania. Circular 341. College Station: 
Pennsylvania State University. http://www.nap.edu/openbook.php?record_id=2132&page=238 
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Figure 2.  Average beginning planting and harvesting dates for corn, soybean, and wheat in 
Nebraska.  (White areas are opportunities for cover crop growth.) 
 
55 | P a g e  
 
Figure 3.  Aerial view of cover crops planted on Scott Gonnerman’s near Gresham, NE taken 
taken in December 2010. Photo courtesy of Jim Schneider.  
 
12/05/2010 
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Figure 4.  2011 N rate plot plan  
2011 Plot Plan
#0 N 175 # N
NONE NONE
MS MS
AC AC
OM OM
SB SB
PM PM
NONE NONE
SB SB
PM PM
AC AC
OM OM
NONE NONE
OM OM
SB SB
PM PM
AC AC
NONE NONE
OM OM
PM PM
AC AC
SB SB
MS MS
SB - Soil  Builder 0# N Plots are (8-36" rows wide ) and 60' Long
AC - A/C Greenfix 175# N Plots are (8-36" rows wide) and 775' Long 
PM - Pea Mix
OM - Oat Mix
MS - Mid-Summer Mix
None - no cover crop check 
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Figure 5.  2012 N rate plot plan. 
 
 
 
 
 
2012 Plot Plan NORTH
#0 N  #100 N #200 N #50 N #150 N #0 N
NONE NONE
MS MS
AC AC
OM OM
SB SB
PM PM
NONE NONE
SB SB
PM PM
AC AC
OM OM
NONE NONE
OM OM
SB SB
PM PM
AC AC
NONE NONE
OM OM
PM PM
AC AC
SB SB
MS MS
SB - Soil  Builder Plots are (8-36" rows wide ) and 60' Long
AC - A/C Greenfix
PM - Pea Mix
OM - Oat Mix
MS - Mid-Summer Mix
None - no cover crop check 
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Figure 6.  Aerial view of the research plot with the 2011 fertilizer treatments overlaid.  
PhotoCourtesy of Jim Scheider. 
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Figure 7.  Aerial view of research plot with 2012 fertilizer treatments overlaid.  Photo courtesy 
of Jim Schneider.  
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APPENDIX 
 
AP Table 1.  Cover crop treatments and abbreviations 
Cover Crop Mix Abbreviation Alternate Abbreviation 
Soil Builder Mix SG A 
A/C Greenfix AC B 
Pea Mix PM C 
Oat Mix OM D 
Mid-Summer Mix MS E 
 
 
 
AP Table 2.  2011 corn yield data for each cover crop replication and N application amount.   
Rep Cover 
Crop 
0 # N Plot 
 
175 # N 
Plot 
    Yield Yield 
1 MS 107.4 214.7 
1 SB 109.9 211.3 
1 AC 127.3 234.9 
1 PM 88.4 208.8 
1 OM 93.1 203.9 
1 None 119.6 207.4 
2 AC 109.5 213.3 
2 PM 98.3 194.0 
2 SB 74.3 188.7 
2 OM 78.4 180.5 
2 None 93.7 200.3 
3 OM 75.2 178.9 
3 AC 87.5 217.9 
3 PM 68.2 193.8 
3 SB 72.0 196.4 
3 None 102.0 197.9 
4 PM 65.6 205.6 
4 SB 83.9 207.7 
4 OM 90.3 206.6 
4 AC 104.3 202.0 
4 MS 79.1 208.7 
4 None 125.8 209.7 
 
 
 
 
 
61 | P a g e  
 
AP Table 3.  Effect of previous cover crop and 2012 N rates on NDVI and NDRE.  June 6, 2012 
RapidScan data 
 Lbs of Nitrogen 
  0 100 200 50 150 0 
NDVI 4-None 0.6945 0.6762 0.5543 0.5056 0.6109 0.4999 
NDRE 4-None 0.3277 0.3476 0.2907 0.2580 0.3134 0.2452 
NDVI 4-E 0.6350 0.5453 0.5511 0.5610 0.6154 0.6400 
NDRE 4-E 0.3074 0.2911 0.2922 0.2915 0.3216 0.2993 
NDVI 4-B 0.5446 0.6052 0.5368 0.4790 0.4944 0.4430 
NDRE 4-B 0.2731 0.3146 0.2915 0.2500 0.2579 0.2146 
NDVI 4-D 0.6997 0.7135 0.5849 0.5329 0.4912 0.4165 
NDRE 4-D 0.3468 0.3656 0.3062 0.2753 0.2649 0.2096 
NDVI 4-A 0.6496 0.6249 0.7144 0.5039 0.5550 0.5082 
NDRE 4-A 0.3218 0.3256 0.3695 0.2651 0.2886 0.2459 
NDVI 4-C 0.6382 0.5646 0.6150 0.4654 0.4593 0.3399 
NDRE 4-C 0.3012 0.3054 0.3242 0.2519 0.2282 0.1829 
NDVI 3-None 0.4477 0.5094 0.5504 0.5574 0.5819 0.4096 
NDRE 3-None 0.2210 0.2762 0.2936 0.2752 0.3128 0.2083 
NDVI 3-A 0.5360 0.5827 0.4358 0.4759 0.5239 0.4661 
NDRE 3-A 0.2606 0.3036 0.2359 0.2488 0.2725 0.2383 
NDVI 3-C 0.4127 0.6499 0.5710 0.5727 0.4714 0.4596 
NDRE 3-C 0.2030 0.3323 0.2964 0.2956 0.2535 0.2212 
NDVI 3-B 0.6241 0.5335 0.4723 0.4408 0.5295 0.5538 
NDRE 3-B 0.2915 0.2844 0.2582 0.2330 0.2874 0.2638 
NDVI 3-D 0.4920 0.5087 0.4634 0.4138 0.4357 0.3728 
NDRE 3-D 0.2439 0.2691 0.2470 0.2192 0.2349 0.1918 
NDVI 2-None 0.6585 0.5950 0.5958 0.5318 0.6662 0.6034 
NDRE 2-None 0.3270 0.3083 0.3051 0.2697 0.3422 0.2909 
NDVI 2-D 0.5045 0.3977 0.6637 0.5536 0.6221 0.5233 
NDRE 2-D 0.2561 0.2019 0.3271 0.2831 0.3206 0.2461 
NDVI 2-A 0.6493 0.6135 0.6580 0.6220 0.5380 0.4533 
NDRE 2-A 0.3097 0.3134 0.3453 0.2980 0.2819 0.2262 
NDVI 2-C 0.5238 0.5190 0.4440 0.3864 0.4490 0.3604 
NDRE 2-C 0.2675 0.2768 0.2394 0.2061 0.2398 0.1849 
NDVI 2-B 0.6311 0.5760 0.6346 0.5602 0.6098 0.5732 
NDRE 2-B 0.3167 0.2864 0.3327 0.2902 0.3124 0.2917 
NDVI 1-None 0.5705 0.5053 0.4973 0.5169 0.5785 0.5390 
NDRE 1-None 0.2692 0.2721 0.2629 0.2609 0.3016 0.2613 
NDVI 1-D 0.5335 0.4938 0.5388 0.6441 0.5005 0.5620 
NDRE 1-D 0.2662 0.2604 0.2825 0.3252 0.2618 0.2835 
NDVI 1-C 0.6260 0.5581 0.5980 0.5211 0.5206 0.5391 
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NDRE 1-C 0.3012 0.2914 0.3031 0.2687 0.2763 0.2465 
NDVI 1-B 0.6469 0.6136 0.6495 0.6441 0.6015 0.6246 
NDRE 1-B 0.3027 0.3206 0.3400 0.3317 0.3240 0.3105 
NDVI 1-A 0.5496 0.5750 0.5949 0.5663 0.5153 0.5256 
NDRE 1-A 0.2571 0.2991 0.3168 0.2891 0.2652 0.2559 
NDVI 1-E 0.6130 0.5604 0.6419 0.6106 0.6092 0.4621 
NDRE 1-E 0.2877 0.2904 0.3317 0.3056 0.3198 0.2335 
 
AP Table 4.  Effect of previous cover crop and 2012 N rates on NDVI and NDRE.  June 21, 
2012 RapidScan data 
 Lbs of Nitrogen 
  0 100 200 50 150 0 
NDVI 4-None 0.8059 0.8290 0.8281 0.8146 0.8406 0.7916 
NDRE 4-None 0.3384 0.4308 0.4296 0.4003 0.4377 0.3408 
NDVI 4-E 0.7743 0.8067 0.7879 0.7905 0.8063 0.7482 
NDRE 4-E 0.3340 0.4114 0.4241 0.4082 0.4301 0.3400 
NDVI 4-B 0.8136 0.8359 0.8383 0.8102 0.8008 0.7464 
NDRE 4-B 0.3557 0.4105 0.4364 0.3999 0.4219 0.3308 
NDVI 4-D 0.7876 0.8290 0.8031 0.7522 0.7756 0.7806 
NDRE 4-D 0.3511 0.4307 0.4253 0.3882 0.4176 0.3585 
NDVI 4-A 0.7636 0.7964 0.8235 0.8067 0.8306 0.7541 
NDRE 4-A 0.3311 0.4018 0.4298 0.3968 0.4300 0.3278 
NDVI 4-C 0.6307 0.6707 0.7799 0.7294 0.6952 0.5056 
NDRE 4-C 0.2620 0.3489 0.3950 0.3688 0.3717 0.2362 
NDVI 3-None 0.5416 0.7343 0.7169 0.6482 0.6578 0.5238 
NDRE 3-None 0.2223 0.3784 0.3581 0.3256 0.3381 0.2367 
NDVI 3-A 0.4579 0.6114 0.6314 0.6286 0.5116 0.3936 
NDRE 3-A 0.2176 0.3347 0.3435 0.3166 0.2901 0.1998 
NDVI 3-C 0.5473 0.6744 0.7128 0.6771 0.5960 0.4299 
NDRE 3-C 0.2239 0.3402 0.3711 0.3233 0.3079 0.2025 
NDVI 3-B 0.5379 0.7082 0.7066 0.6574 0.6599 0.5618 
NDRE 3-B 0.2279 0.3390 0.3809 0.3225 0.3476 0.2586 
NDVI 3-D 0.5962 0.7137 0.7470 0.6930 0.7370 0.6701 
NDRE 3-D 0.2505 0.3640 0.3928 0.3401 0.3793 0.2861 
NDVI 2-None 0.6592 0.6931 0.6741 0.6459 0.7319 0.6452 
NDRE 2-None 0.2523 0.3646 0.3628 0.3259 0.3837 0.2795 
NDVI 2-D 0.6467 0.6901 0.7025 0.6453 0.6817 0.6162 
NDRE 2-D 0.2771 0.3554 0.3776 0.3320 0.3624 0.2774 
NDVI 2-A 0.5577 0.6971 0.7231 0.7293 0.7330 0.6426 
NDRE 2-A 0.2520 0.3601 0.3823 0.3702 0.3844 0.3042 
NDVI 2-C 0.7977 0.7505 0.7596 0.7169 0.7499 0.6467 
NDRE 2-C 0.3441 0.3839 0.3994 0.3607 0.3711 0.3140 
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NDVI 2-B 0.7061 0.7517 0.7735 0.7434 0.7723 0.7111 
NDRE 2-B 0.3165 0.3986 0.4146 0.3826 0.4121 0.3457 
NDVI 1-None 0.6107 0.6768 0.6737 0.6825 0.7125 0.6591 
NDRE 1-None 0.2651 0.3452 0.3547 0.3296 0.3710 0.2751 
NDVI 1-D 0.6392 0.7157 0.7370 0.7027 0.7385 0.6920 
NDRE 1-D 0.2707 0.3660 0.3954 0.3430 0.3881 0.3406 
NDVI 1-C 0.7664 0.7483 0.7660 0.6844 0.7290 0.6251 
NDRE 1-C 0.3184 0.3864 0.4028 0.3360 0.3552 0.2917 
NDVI 1-B 0.7258 0.7744 0.8109 0.7273 0.7449 0.7295 
NDRE 1-B 0.2983 0.3966 0.4205 0.3646 0.3808 0.3498 
NDVI 1-A 0.7752 0.8259 0.8206 0.7937 0.7886 0.7660 
NDRE 1-A 0.3229 0.4203 0.4252 0.3817 0.4001 0.3661 
NDVI 1-E 0.7121 0.7670 0.7840 0.7617 0.8023 0.7472 
NDRE 1-E 0.3118 0.3767 0.3970 0.3612 0.4279 0.3885 
 
 
AP Table 5.  Effect of previous cover crop on 2012 corn.  Complete 2012 harvest data.   
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102 A 0 1 68 64 4 20.02 16.015 22.2 52.6 24684 23232 1452 5.9 95.6 80.0 
109 A 0 2 68 67 1 11.305 9.59 15.4 56.1 24684 24321 363 1.5 62.2 84.8 
115 A 0 3 68 60 6 12.92 9.61 26.7 49.6 24684 21780 2178 8.8 54.0 74.4 
118 A 0 4 71 58 13 11.78 8.945 23.5 49.7 25773 21054 4719 18.3 52.5 75.9 
202 A 150 1 67 58 8 21.005 17.295 20.0 56.2 24321 21054 2904 11.9 106.1 82.3 
209 A 150 2 72 69 3 24.59 19.87 21.6 54.4 26136 25047 1089 4.2 119.5 80.8 
215 A 150 3 66 57 9 25.265 19.665 26.5 50.1 23958 20691 3267 13.6 110.9 77.8 
218 A 150 4 70 49 21 11.085 9.16 19.2 55.8 25410 17787 7623 30.0 56.8 82.6 
302 A 50 1 70 64 6 18.94 15.74 18.3 55.5 25410 23232 2178 8.6 98.6 83.1 
309 A 50 2 66 55 11 17.765 14.52 18.4 56.1 23958 19965 3993 16.7 90.9 81.7 
315 A 50 3 72 60 12 17.13 12.835 25.3 49.9 26136 21780 4356 16.7 73.5 74.9 
318 A 50 4 61 47 14 10.56 8.87 16.6 56.8 22143 17061 5082 23.0 56.7 84.0 
402 A 200 1 77 64 13 24.05 19.82 19.5 56.6 27951 23232 4719 16.9 122.4 82.4 
409 A 200 2 71 60 11 22.87 18.71 18.5 58.5 25773 21780 3993 15.5 117.0 81.8 
415 A 200 3 64 58 6 26.36 21.17 22.8 53.6 23232 21054 2178 9.4 125.4 80.3 
418 A 200 4 68 63 5 19.2 15.77 19.6 55.7 24684 22869 1815 7.4 97.3 82.1 
502 A 100 1 72 67 5 21.095 17.57 18.1 56.4 26136 24321 1815 6.9 110.4 83.3 
509 A 100 2 71 65 6 17.71 15.03 16.5 57.7 25773 23595 2178 8.5 96.3 84.9 
515 A 100 3 69 65 4 18.17 15.36 16.2 57.0 25047 23595 1452 5.8 98.7 84.5 
518 A 100 4 68 66 2 19.955 16.69 17.4 55.9 24684 23958 726 2.9 105.8 83.6 
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602 A 0 1 68 62 6 11.04 8.49 21.0 51.2 24684 22506 2178 8.8 51.5 76.9 
609 A 0 2 68 56 12 9.72 7.775 16.6 52.7 24684 20328 4356 17.6 49.7 80.0 
615 A 0 3 67 54 13 9.2 7.175 18.1 51.1 24321 19602 4719 19.4 45.1 78.0 
618 A 0 4 74 71 3 10.15 7.92 18.5 52.8 26862 25773 1089 4.1 49.5 78.0 
103 B 0 1 72 63 9 15.125 12.075 21.2 52.5 26136 22869 3267 12.5 73.0 79.8 
107 B 0 2 71 55 16 7.68 6.47 18.2 55.0 25773 19965 5808 22.5 40.6 84.2 
113 B 0 3 68 53 15 12.13 8.875 25.7 50.8 24684 19239 5445 22.1 50.6 73.2 
120 B 0 4 70 52 18 9.14 6.575 24.0 50.3 25410 18876 6534 25.7 38.3 71.9 
203 B 150 1 67 64 3 19.345 15.735 20.3 54.9 24321 23232 1089 4.5 96.2 81.3 
207 B 150 2 70 57 13 15.21 12.415 21.2 54.9 25410 20691 4719 18.6 75.0 81.6 
213 B 150 3 62 58 4 26.03 21.21 21.7 54.8 22506 21054 1452 6.5 127.4 81.5 
220 B 150 4 67 57 10 10.745 9.13 17.3 57.1 24321 20691 3630 14.9 57.9 85.0 
303 B 50 1 71 65 7 20.82 16.81 19.3 55.6 25773 23595 2541 9.9 104.1 80.7 
307 B 50 2 72 57 15 19.065 16.035 18.2 56.7 26136 20691 5445 20.8 100.6 84.1 
313 B 50 3 74 54 20 14.775 11.84 20.6 53.5 26862 19602 7260 27.0 72.1 80.1 
320 B 50 4 70 65 5 14.805 12.415 16.2 56.3 25410 23595 1815 7.1 79.8 83.9 
403 B 200 1 74 67 7 23.685 19.55 19.1 57.4 26862 24321 2541 9.5 121.3 82.5 
407 B 200 2 64 61 3 23.25 19.23 20.1 55.5 23232 22143 1089 4.7 117.9 82.7 
413 B 200 3 66 60 6 21.49 17.01 21.5 55.3 23958 21780 2178 9.1 102.4 79.2 
420 B 200 4 75 66 9 19.99 16.135 20.2 55.4 27225 23958 3267 12.0 98.8 80.7 
503 B 100 1 76 70 6 22.98 19.1 18.4 56.3 27588 25410 2178 7.9 119.6 83.1 
507 B 100 2 71 60 11 18.615 15.69 18.2 57.2 25773 21780 3993 15.5 98.5 84.3 
513 B 100 3 71 69 2 20.21 16.79 16.6 56.8 25773 25047 726 2.8 107.4 83.1 
520 B 100 4 64 59 5 16.35 13.7 15.2 58.2 23232 21417 1815 7.8 89.1 83.8 
603 B 0 1 73 61 12 11.065 8.405 21.3 49.6 26499 22143 4356 16.4 50.7 76.0 
607 B 0 2 66 60 6 12.335 10.07 16.8 53.4 23958 21780 2178 9.1 64.3 81.6 
613 B 0 3 71 62 9 8.46 6.72 17.3 52.8 25773 22506 3267 12.7 42.6 79.4 
620 B 0 4 72 60 12 9.085 7.25 18.2 53.3 26136 21780 4356 16.7 45.5 79.8 
104 C 0 1 77 71 6 12.06 9.915 18.6 54.0 27951 25773 2178 7.8 61.9 82.2 
108 C 0 2 70 42 28 5.86 4.825 18.1 54.0 25410 15246 10164 40.0 30.3 82.3 
114 C 0 3 69 61 8 12.185 8.55 27.8 47.7 25047 22143 2904 11.6 47.4 70.2 
117 C 0 4 69 63 6 13.975 10.49 25.0 50.2 25047 22869 2178 8.7 60.4 75.1 
204 C 150 1 69 64 5 23.25 19.18 20.1 55.5 25047 23232 1815 7.2 117.6 82.5 
208 C 150 2 74 58 16 21.14 17.375 21.2 55.4 26862 21054 5808 21.6 105.0 82.2 
214 C 150 3 63 49 14 25.1 19.415 25.0 51.6 22869 17787 5082 22.2 111.7 77.4 
217 C 150 4 67 50 17 19.11 15.01 23.7 53.4 24321 18150 6171 25.4 87.9 78.5 
304 C 50 1 67 59 8 20.465 17.06 17.5 56.3 24321 21417 2904 11.9 108.0 83.4 
308 C 50 2 68 60 8 18.635 15.28 18.3 55.7 24684 21780 2904 11.8 95.8 82.0 
314 C 50 3 75 63 12 15.19 12.215 20.5 52.9 27225 22869 4356 16.0 74.5 80.4 
317 C 50 4 70 57 13 11.86 10.085 16.4 57.2 25410 20691 4719 18.6 64.7 85.0 
404 C 200 1 69 63 6 24.38 20.39 18.6 58.3 25047 22869 2178 8.7 127.3 83.6 
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408 C 200 2 70 62 8 22.95 18.975 18.5 58.1 25410 22506 2904 11.4 118.6 82.7 
414 C 200 3 65 44 21 22.725 18.24 22.2 55.2 23595 15972 7623 32.3 108.9 80.3 
417 C 200 4 67 65 2 22.72 18.52 20.9 55.1 24321 23595 726 3.0 112.4 81.5 
504 C 100 1 69 67 2 22.28 18.335 18.3 56.8 25047 24321 726 2.9 114.9 82.3 
508 C 100 2 74 68 6 18.415 15.65 16.7 57.7 26862 24684 2178 8.1 100.0 85.0 
514 C 100 3 73 62 11 18.84 16.05 16.0 56.7 26499 22506 3993 15.1 103.4 85.2 
517 C 100 4 74 72 2 20.14 17.08 16.3 57.7 26862 26136 726 2.7 109.7 84.8 
604 C 0 1 73 59 14 12.56 9.83 19.6 51.2 26499 21417 5082 19.2 60.6 78.3 
608 C 0 2 68 63 5 11.795 9.65 16.0 53.9 24684 22869 1815 7.4 62.2 81.8 
614 C 0 3 76 66 10 6.73 5.15 18.3 52.0 27588 23958 3630 13.2 32.3 76.5 
617 C 0 4 71 57 14 8.85 6.9 18.6 53.1 25773 20691 5082 19.7 43.1 78.0 
105 D 0 1 76 57 19 8.555 7.03 20.0 53.4 27588 20691 6897 25.0 43.1 82.2 
110 D 0 2 72 60 12 13.395 9.98 25.1 49.6 26136 21780 4356 16.7 57.3 74.5 
112 D 0 3 71 59 12 13.85 10.405 25.1 49.5 25773 21417 4356 16.9 59.8 75.1 
119 D 0 4 70 53 17 10.635 8.155 23.6 50.8 25410 19239 6171 24.3 47.8 76.7 
205 D 150 1 67 54 9 17.165 14.055 19.5 55.7 24321 19602 3267 13.4 86.8 81.9 
210 D 150 2 71 51 20 16.93 13.48 22.3 53.9 25773 18513 7260 28.2 80.3 79.6 
212 D 150 3 74 66 8 22.845 18.265 20.7 54.9 26862 23958 2904 10.8 111.1 80.0 
219 D 150 4 68 52 16 12.88 10.66 20.6 54.6 24684 18876 5808 23.5 64.9 82.8 
305 D 50 1 69 60 9 18.87 15.595 18.7 55.2 25047 21780 3267 13.0 97.3 82.6 
310 D 50 2 70 65 5 20.35 16.675 19.3 55.1 25410 23595 1815 7.1 103.2 81.9 
312 D 50 3 61 53 8 17.72 14.245 19.4 54.8 22143 19239 2904 13.1 88.1 80.4 
319 D 50 4 72 63 9 12.315 9.94 19.1 54.9 26136 22869 3267 12.5 61.7 80.7 
405 D 200 1 66 59 7 23.41 19.05 21.0 56.2 23958 21417 2541 10.6 115.4 81.4 
410 D 200 2 68 62 6 25.94 21.185 20.3 55.2 24684 22506 2178 8.8 129.5 81.7 
412 D 200 3 75 61 14 21.34 17.5 20.0 56.0 27225 22143 5082 18.7 107.4 82.0 
419 D 200 4 77 59 18 20.125 16.25 21.3 54.9 27951 21417 6534 23.4 98.1 80.7 
505 D 100 1 67 60 7 19.91 16.56 17.9 56.3 24321 21780 2541 10.4 104.3 83.2 
510 D 100 2 76 74 2 21.74 18.11 19.3 56.3 27588 26862 726 2.6 112.1 83.3 
512 D 100 3 69 62 8 20.08 16.72 17.9 56.9 25047 22506 2904 11.6 105.3 83.3 
519 D 100 4 74 65 9 18.31 15.46 15.7 57.9 26862 23595 3267 12.2 100.0 84.4 
605 D 0 1 70 62 8 11.735 8.94 21.5 50.6 25410 22506 2904 11.4 53.8 76.2 
610 D 0 2 75 61 14 10.03 7.96 17.4 53.4 27225 22143 5082 18.7 50.4 79.4 
612 D 0 3 74 61 13 8.525 6.62 17.6 51.7 26862 22143 4719 17.6 41.8 77.7 
619 D 0 4 70 68 2 11.37 9.35 15.4 53.1 25410 24684 726 2.9 60.7 82.2 
101 E 0 1 71 60 11 13.8 10.735 23.4 50.5 25773 21780 3993 15.5 63.1 77.8 
121 E 0 4 73 58 15 9.56 7.08 21.1 52.0 26499 21054 5445 20.5 42.9 74.1 
201 E 150 1 75 69 6 24.435 20.62 17.9 57.9 27225 25047 2178 8.0 129.9 84.4 
221 E 150 4 67 63 4 11.825 9.92 19.4 55.3 24321 22869 1452 6.0 61.3 83.9 
301 E 50 1 74 62 12 19.565 15.965 19.5 55.0 26862 22506 4356 16.2 98.6 81.6 
321 E 50 4 72 53 19 10.315 8.53 17.0 55.9 26136 19239 6897 26.4 54.3 82.7 
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401 E 200 1 73 60 13 22.165 18.325 19.4 57.2 26499 21780 4719 17.8 113.3 82.7 
421 E 200 4 64 58 6 23.78 19.38 19.7 56.1 23232 21054 2178 9.4 119.4 81.5 
501 E 100 1 62 55 8 17.665 14.985 15.9 58.5 22506 19965 2904 12.9 96.7 84.8 
521 E 100 4 66 65 1 20.61 17.22 16.3 58.0 23958 23595 363 1.5 110.6 83.6 
601 E 0 1 73 47 26 9.39 7.1 21.3 50.4 26499 17061 9438 35.6 42.9 75.6 
621 E 0 4 73 66 7 9.72 8.055 14.1 53.2 26499 23958 2541 9.6 53.1 82.9 
106 None 0 1 70 65 5 9.29 7.915 16.6 54.7 25410 23595 1815 7.1 50.6 85.2 
111 None 0 2 63 60 3 10.71 8.885 15.8 55.8 22869 21780 1089 4.8 57.4 83.0 
116 None 0 3 68 62 6 12.77 9.485 25.8 50.3 24684 22506 2178 8.8 54.0 74.3 
122 None 0 4 64 58 6 11.35 9.145 17.5 53.3 23232 21054 2178 9.4 57.9 80.6 
206 None 150 1 72 68 4 18.23 15.145 19.1 55.1 26136 24684 1452 5.6 94.0 83.1 
211 None 150 2 68 56 12 21.37 17.025 19.5 56.5 24684 20328 4356 17.6 105.1 79.7 
216 None 150 3 73 61 12 25.475 20.42 21.3 54.8 26499 22143 4356 16.4 123.3 80.2 
222 None 150 4 59 43 16 9.41 7.615 16.2 57.7 21417 15609 5808 27.1 49.0 80.9 
306 None 50 1 69 63 6 18.45 15.085 18.4 55.9 25047 22869 2178 8.7 94.4 81.8 
311 None 50 2 60 52 8 16.085 13.34 17.0 57.0 21780 18876 2904 13.3 84.9 82.9 
316 None 50 3 76 63 13 15.315 12.87 18.3 55.6 27588 22869 4719 17.1 80.7 84.0 
322 None 50 4 65 59 6 12.45 10.315 15.5 55.9 23595 21417 2178 9.2 66.9 82.9 
406 None 200 1 68 56 12 21.57 18.06 18.9 57.4 24684 20328 4356 17.6 112.4 83.7 
411 None 200 2 64 53 11 21.555 17.855 18.8 57.3 23232 19239 3993 17.2 111.2 82.8 
416 None 200 3 68 57 11 23.65 19.46 20.3 55.8 24684 20691 3993 16.2 119.0 82.3 
422 None 200 4 62 52 10 27.62 22.39 22.7 54.0 22506 18876 3630 16.1 132.8 81.1 
506 None 100 1 72 70 2 21.51 18.08 17.5 57.5 26136 25410 726 2.8 114.4 84.1 
511 None 100 2 66 59 7 18.115 15.5 15.4 57.6 23958 21417 2541 10.6 100.6 85.6 
516 None 100 3 66 62 2 18.23 15.67 15.7 57.6 23958 22506 726 3.0 101.3 86.0 
522 None 100 4 51 47 4 22.25 18.08 18.6 56.6 18513 17061 1452 7.8 112.9 81.3 
606 None 0 1 73 55 18 10.93 8.715 18.5 52.1 26499 19965 6534 24.7 54.5 79.7 
611 None 0 2 67 62 5 8.78 7.32 14.2 53.2 24321 22506 1815 7.5 48.2 83.4 
616 None 0 3 75 64 11 7.15 5.76 15.9 53.2 27225 23232 3993 14.7 37.2 80.6 
622 None 0 4 60 59 1 10.5 8.49 16.3 53.3 21780 21417 363 1.7 54.5 80.9 
 
